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~ INTRODUCTION

4

~

The Pehns&lvaqia Retriéval of Information for Mathematics Education
System has beem established by the Department of Educattion to agsist educators

in curriculum development, ﬁmplementatipn and evaluation in elementary school
mathematics, _ o o " B C

N " System

.o

PRIMES is an information storage and retrieval system that uses com-. -
puter technology. ‘A comprehensive data base of analytical information' abaut
curriculum materials for school mathematics (grades K-8) has been stored in
the computer and can be retrieved to meet the specifications of local school
districts, Included in the data base is information about textbooks, achievement
tests, curriculum practices, audio-visual materials and manipulative devices. Two
models for individualization of instruction--flexible grouping and instructional
kits--using the system's resources have been field tested.

The goals of ?RIMES are: . .
1. To develop and maintain a data base of instfuction and
- eValuation materials in, elementary school mathematics.

2. To assist mathemaficé committees of local school "districts

in systematic cyrricilum development; :

3. To effect change, in classroom ipstruction by implementing
~ . the curriculum documents produced by the committees.

4, To develop feécherfgdminisprafor combetencies in curriculum
development, instruction and -evaluation activities through ‘
U system-related in-service workshops and graduate courses.

5. To develop.and 1ﬁplement classroem models for individualization
of- instruction. ~ . '

‘The data dase is created by analyzing or classifying the instruction
and evaluation materials using three analysis tools--a list of mathematics con-.
cepts and skills, Mathematics Content Authority List; a list of behavioral obj~ -
ectives, Behadioral Objectives Authority List and a 1list of mathematical terms,
Vocabulary Authority List. :

. 4
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Services I
The threeﬂsutﬁpriéy_listsL-CAL,\BOAL,“VAL--are used by local school
districts in accessing the data base for decision making in curriculum, in-

struction and evaluation. School districts receiving services are assigned a
consultant who trains the committee members in using a set of curriculum pro-

cedures manuals. Services are available at regional centers or the Department

of Education.

#'The system enables a™schooX district to evaluate its .current cur-
riculum based on concepts and skills and performance objectives. considered to
have highest prioxity by its committee. The committee, again setting its own
priorities, can construct a scope and sequence, select textbooks, manipulative
devices, audio-visual and test materials, develop a teaching/reference guide
and determine the relationship of standardized tests to its curriculum. IMES
can also be applied to designating an individualized instructional program for
open education geared ta what each child knows and needs to learn.

[}
.

- Content Authority List - . - ‘

The Mathematics Content Authority Jist is a list of guathematics -
concepts that may be taught in the 'school mathematics curriculum, K-8,
About 450 concepts have been, identified and oréhnized in outline form
under eight major, topics. A four-digit code has been assigned to each
content for use with the computer. ° . . ) <%

The CAL has been used extensively since 1965 by trained analysts
and this’ editiongﬁhfgrporates those suggestions which the editors approved.

-

- The Mathematics Content Authorzty List . (abridged) coptains only
concepts and.the code numbers; the unabnidged version includes defiuitions,
explanations anﬂ examples., - » .. . , . ‘

‘ ' * £l ' .
“The numbers in parentheses following selected concepts ate references
to other concepts that may “be relevant.

[ . * : Cemae
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N . L, TOPICK
= - o Number Systems

~ Whole Numbers  *

-BASIC CONCEPTS ’ i

Definition: set of whole numbers

d

- {0,1,2,3,4,5,6, -} '

N P4
- Developing cardinal number sense

" Cardinal number expresses the manynesg of a set; it tells

how many #ments are in a set., .

Ex. N{a,b,c,d} = 4 Ex. N{ } =0

N

A. Developing cardinal number zero
(See 4070, 3060) ‘

’ I
B. Developing cardinal\eunbers one through ten
(See 3060, 0060) ‘

C. Developing cardinal gﬂﬁ;ers beyorid teri
(See 3070, 0060) .

(Developing ordinal number sense RN
' (See 0075) o ' ‘

An ordinal number indicates the position of an item in a
sequenice of items in contrast to a cardinal number which
tells how many itemg are in a set.

Ex. first, second, third; 4 o'clock (indicating the hour
in a sequence of hours) /




> Whole Numbers
\

" BASIC CONCEPTS

¢

Associating the idea of number with the number Tine (one-to-one

correspondence) -
(See 4010) )

A one-to-one correspondence is said to exist between two sets
A and B if every member of set A can be paired with a member
of set B and every member of set B can be paired with a member
of set A.

Ex. . ———————>

1

01 2 3 4

- Each number on the number line corresponds to one point on
’/' the line or each number is paired with one point on the line.

Counting to find cardinal number of set (one-to-one correspondence)
?See 0030, 0035, 4010)

/

" Cardinal number - See page 1.

One-to-one correspondence - See 0050

Ex. (1, 2, 3, Q }

Ordinal counting _ ; N

Ordinal nuﬁber -- See 0040

Ex. ‘égagv éﬁzg? A;zg? 4$;%§? g

second fourth ‘L

-~

Sequence of numbers increasing by one
. (See 0040, 7090)

Ex. "1,2,3,¢
14,15,16,17,+ -
31,32,33, ...




¢ * Whole Numbers
. l ' A‘

BASIC. CONCEPTS . -
Skip counting ‘ - . _ 0080

(See 7000, 7055, 7090, 0380) B )

EX. 2,4,6,8,:+; 5,10",15,-..; 5,8,11,14,+.. .

. .

Other counting: backward, rote, etc. - T - 0090

EX. BaCkward: 9,8’7,6,'0i; 50,40,30”:00;

Rote': 1,2;3,4,5; I caught a hare alive.
6,7,8,9,10; I let him go again.
-Ordering numbers as greater than, less than, equal to or not equa] .» , 0100

to, and between; and objects as fewer than or more than
(See 4010 4030)

Ex. 7> 2;5<9; 3+4+1=4; 2x7#15
7 apples are more than 5 apples.

A dog has fewer eyes than legs.,
/ \ :

L)

Trichotomy property

If a and b are whole numbers, thigfgne and only one of the 0101 -
following ‘statements is true: b,a=>b, b> a.

Ex. ,If x # 3, thenx > 3 or x < 3.

OPERATIONS: ADDITION
Basic concepts o .
A. Addition, a binary operation . 0110
A binary operation is an operation on two and only two
elements in a set to pr6duce a third element belonging
to the sget.

The binary operation of addition combines two numbefs to )
obtain a unique result. r ' . ‘ ,/

Ex. 2+ 3 =5 The number 2 and the number 3 are c0mbined
L _ to obtain the number 5.




Whole Number's

0120 OPERATIONS: ADDITION

3

/\dd1t1on developed by usmg the union of disjoint sets or joining
ction . .
(See 4093) "

Disjoint sets are sets which havet no elements in common.

Ex.

{AaO,Dl}‘and {D;é} are disjoint,sets. | .

The union of two disjoint sets forms a new set.,

Ex. N . ) » ’
{8,000 {0a}-{2000,8}
v N ) .
\ - / |
. Adding the numbers of two sets gives the number of the union |
. of the sets. |
Ex. c .
N{AOD}+N{DA} v {2000 4} ‘
3+ 2 =5 (adding the cardinal numbers of the sets). . ,
. /‘, ° . . e ) - | |
0130 ' C. Addition developed by using the number line
‘ Ex. : ' ) : - .
. I 4 ‘ N
. < /\1&/—_\ . ; s
) - 01 2 34 56 7 8 ’ |
—  3+457 ‘
0140 D. Closure, a property Of'addition . h o

~” A binary Operation with numbers such that the resulting
( number is always a member of the set being considered is
said to be eZosed under that operation.

13

1Y - / »
‘ .
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. Whole Num
OPERATIONS: ADDITION "

) ,
Since for every pair of numbers in a set of whole numbers,
the unique sum is also in thgt set, closure is a property
of addition of whole numbers.
- D)=

Ex. A= {0,1,2,3,-?-},?%he set of whole numbers .

N

6 + 99 = 105 ] .
6 , 99 and 105 are all memberg of set A. \

Ex. B =71,3,5,7,-:-}, the set of odd whole.numbers

< ,
.. ., 8 + 5.= 8, but 8 is not in set B.
Closure is not a property of additionm of odd numbers.

e (fofriﬁtatﬁvity, a property of additon . . 0150

1

Commutativity is another term for the commutative property.

A binary operation is said-to possess commutétiviéy if the
result of combining two elements is independent of the order.

The commutative property is some%imes called the ofdbr :
property.’ , . .

Ex. The operation of addition of whole numbers posseségs A
commutativity since L . _ . 5

‘2+3sq+2=5

c-a+b=b+ag T s

- ~ hd

L3

F. Associativity, a property of addition ' 0160

.
. 2 ——

- " * "3) )
Associativity is another name for the associative property.

L3

An opération ds sid. td*bossess aséociativﬁty if ‘the result
of combining thrée elements by this operation is independent
of the way in'which thg elements are grouped. °

L Ihe associative 'property is sometimes called the groiping
" prgmérty.

r
-




) Whole Numbers
‘ OPERATIONS: ADDITION
S \

‘§\§~ " Ex. The operation of addition of whole numbers is ‘ v
associative. . .

. ' P S5+241=(5+2)+1=5+(2+1)

~. —’\ LY »

7 . ~ : 7 +1=5+ 3

. ..
-

8§ = 8

-

Ex. a+b+e=(@+b)+e=a+ (b+e)

«

. L]

10170 G. -Zero, the identity element in addition T

K]

: The identjity element in addition ‘is.the numper which when
added to any number leaves that number unchanged.

0 is the identity element for addition.

3

'E:ﬁ.‘3+0=0+3 ' ' . . .

Ex. n+ 0= 0'+ n=n

.fl ;‘

0180 ', ' H. Role of one in 'addi.tion

-

When+1 is added to a whole number the sum is the next-s
greater whole number. c

Ex. 23 +1 =24 102 + 1 = 103

. o™ Computation: two addends

< .
0190 © A. Elementary facts of addition

An elementary (basic) fact of ad&itiG;/;;;\éao whole number -

addends, each less than ten, and their sum.

Ex. 69|-7=i33 '




.

Whole Numbers
opam&mnmw:qlguuvﬁou'

B. Multi-digits used in addition without renaming 0200
. (See 3010) *

Renaming in addition means considering ones as ones and tens,
or tens as tens and hundreds, etc.

.
EX. 213 N ’ o R, « ¢’ < ~
+ 1_-42. PP ‘-"' 4 =
355
No renaming is necessary. See 0210 for an example
using renaming (in some texts called regrouping or
. carrying in addition).
f v
C. Multi-digits used in addition with renaming ' 0210,
(See 3010) ’ .
, Ex. 337=1300+ 30+ 7 ' .
' + 184 =100+ 80+ &4 . - N .
400 + 110 + 11 B
400 + 110 +-1 ) = &
¢ 400 + (100 +/10) + €10+ 1) = .
(400 + 100)°+ (10 + 10) + 1 = 521
¥ The 11 ones are renamed as 1 ten and 1 one. The 11 tens
are renamed as I hundred and 1 ten. The tens are com-
bined and the hundreds are combined giving 521.
» ) R
Computation: more than two addends .
- A. Single digits used in addigion without renaming \-\ 0223.
Ex. ~ 3
2 5+46+4 =2
+4

3+ 2+ 4 does not use renaming since neither 5 + 4 nor
6 + 3 uses renaming. 5 + 6 + 4 does not use renaming
since in neither 11 + 4 nor 5 + 10 do the ones need renamed.

P vt

e
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Whole Numbers
OPERATIONS: ADDITION

~ B. Single digits used in addition with renaming /

When the addition fact used is greater than 9 + 9 renaming
-~ "will be needed. : . :

Ex.

- . *

+ )

lw o

Adding down 17 + 5 will use renaming even.though addition may
be done by considering the ending for the basic fact 7 + 5.
That is, 12 will be renamed as 1 ten and 2 ones.

~
C. Multi-digits used in addition without renaming
* (See 3010) -
Ex. 213 313
141 ] 241
+ 234 +_631
588 1185

The ones do not need to be renamed as tens and ones.
The tens do not neel to be renaped as hundreds and
. tens.
-

'D. Multi-digits used in addition with renaming

(See 3 19)

Ex. 427
’ 356
+ 485 -
1268 . . ’

18 oneé must be considered as 1 ten and 8 ones, 16 tens
as 1 hundred and 6 tens, etc.

-
-

Historical algorithms . '

Ex. The scratch method

66 367 + 298 = 665

335 ]

367 The sum is- recorded above the problem. Com-~
298 putation is done from left to right, scratching

out each partial sum as it is changed.

g . 1/




‘OPERATI-ONS' ADDITIO’N

Use of add3t1on tab]es

. . Hil,Ex. Complete.the addikion tahlé
Sl
. o +H1 o
.\ | LT Q :
| I K
2_'!2 :
33l
4
5156
n:l . ’
. Ex. Complé%é,éﬁé;;éégﬁion"ga£le'
+]1]137]s
1 2|4
3l s
5' .
71 o 12 |

hd . 0

OPERATIONS: SUBTRACTION

Basic concepts

4

A. Subtractiop) a binary operation

» b P
Ve B
.

Binary operation - Seg 0110




Whole Numibers . - L ’

| OPERATIONS:' SUBTRACTION . - RS

B. Subtraction develpped in. reTati_on to subsetg or’ separatind,‘actio,,', R
(See 4060) . . . RS , ‘

Bx, Penniesd

Separate one penny from the set of five pennies. »

R T '

. * » N n

¥ ' - .
-

»

& o [ : ' »
C. “Subtraction devgloped -from number line

AKY
X

- -

Ex,. 5

. 0123456 :

. £

- . )n B ’ . '
’ i5-2~‘3'3 - e . !
.

A

¢

. ¢ -
<

Subtracﬁon, the mverse of add1t1on (relationship of addition
; and ‘subtraction) ) »

An inverse opératiod is one which undoes another operation'
‘ standiug_is the -inverse of sitting and sittiﬁg is the
+ * inverse _bf standing.

¢ Subtraction 15 the in&erse:of‘agdition.._ -

Ex. .8 +3511 ad 11-3%8"

- 'Adding the number 3 to-the numbe? 8 gives the sum 11. .

Con . @¥3<11). gy )

Subtracting the number 3 from the sum 11 gives the - /" .
missing addend 8 (11 - 3 =38). :

S, . ’ 3 ) - . . . . ) o
Ro]e of ‘zerofinfsubtr&étion

"~ Zero -is the right-hand identity element for subtraction.

- Bx. 8 - 0 - 8 T n - 0 =7 J

~

o~ . .
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(OPERATIONS: SUBTRACTION- = - N

I('. o “ .‘,‘ . w\,‘ -
7 /<T— . Any number subtpacted from itself is zero.
Ex. 8-8=0~"n*~7n\=0 '

.
\ - * . .
. .s v . ~ . ° - PR '

-

: R Nonc’rosure, noncommutativity, nonassociativity of subtraction - ' . .0290~

of whole numbers ‘ oo Be N
* ] e . N . . _' _— ¥ ,-" ((7 . - .. e \ ¢ ,
‘! . Closure - See 0140 - : . . o . . ’
) . -Commutadtivity - See 015G C >
' o Associativity ~ See '0160 . . .
. Y ! t - . -t . . e -
' L3 -
. If A= {0 1,2,3,4, ~»~} and the operation s subtraction, , . L
' then ciosure-is not a property of the operation..
\”. " Exe 3 - 8 -5 but 75 is mot & member of set A.
x J. «
Commutativity is not a property of,subtraction oy ) _
' 8 . ..- . w.} “
. Bk 7T - 343+ 7 slnce 4 # 4 ‘ ' C i}
. - hssociativity is.not’ afpropeity.of'bdbﬁréceion. - : T
R . : \‘ . RS . . "..‘ . o
Ex.” (9-2) =1#9- (2 -1y “Since” 7'- 1 d9-1 . L, vl
> ’ K ) . . v 67‘8 :‘ T . e
. . - . L e s e i, - : N
L . . - [ : S ‘ " .
' G. Role.of one 'in subtrégtior‘a UL e T, }
' Subtracting 1 fron. ‘a whqle number\gives the next lesser, - - 0300
number. ., .. . . .
Ex. 7-1=6 | 3 ~1=35 '
) _ COmputa'tion . R . U
A. Elementar_y facts of sub“tractwn : : 0310
Anrelenentary (basic) ﬁact,of subtraction has two whole ’
number addends each less than ten. - . o
- , * . o - , N
1 . »
|
. Y ; :
¢ - P '9%Y ¢ -~
U ,
. 17 . ’
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¢ o o~ R
WhaleNumbefs T . .
‘OPERATIONS: SUBTRACTION

C Bk 16-9=7  16-On7 N

'- ‘.‘...,-' 160—D='9 ) ‘l.'.'.
. .16 -9 f[f& \

" The aade'na_s % and 7 are,b_och‘ less than' 10.

. B. Mu]tl-eh 91 ts used in subtractwn wi thout renaming

-

Renamipg in bubtractzOn means to consider 1 ten as 10 ones °

\ dr one hundred as 10 tefis, etc. //

Ex.”‘ 7 . _ . )
' “how 23 L No renaming is necessary.

e 24 y ..‘ :‘\ A . . . . .
. :%C. Mu1t1 chg‘lts used 1n subtractwn mth renammg .

(See 3010) SO . . Lt

‘Ex.'* 52- °* S tens and 2 ones'may be renamed as 4 tens

. =23 °  and 12 ones. .

2o, T v then 40+ 12

NN W -0+ 5)

oo L 20 + 7 or 27

. 'i ’
) Hjstorica] algorithms

Ex. The scratch method

S 13 - -3z7 - 189 -138 . . . .
: 248 ‘ )
327 The answer‘is written above e ‘problem.
, 189 Computatién is done from left to right and
e, 'numerals are scratched‘out as "borrowing"
’ ' o is done. : : AU B )
51 *
It eaim

ji .
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~ . ‘ ‘ ( Whole Numbers
' ' OPERATIONS: MULTIPLICATION

- Basic concepts
. " A. Multiplication, a binary operation - , 0340

Bingry operation - See 0110

B. “Multiplication deve]oped from union of two or .more equ1va1ent .. 0350
v 7 sets T

Ex. // \ // 3 . B
X | l/ D Q /) ' // DDD /I . ,
: ] D s
/ .

v

“Two sets of 4 are equivalent to one set of 8.
Two 4's are 8.

K . ? X 4 =8
C. Mu1 ti ph'cati'on deve]oped‘fﬁom arrays . \ “ -

An array is an orderly arrangemgnt of objects in rows and

colums. )
!

Ex. . . .. "

.
¢ . H

.

Three 4's are f&\ﬁo}, 3x.4 =12

K . !

Fo&r 3's are 12 or 4 x 3 =12
, - o
13.. .

- ‘ rl L e 22
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: ‘ ' Whole Numbers ' :
OPERATIONS: * MULTTPLICATION -

0370 - D. Multiplication developed from the number line
' Ex. ° _
, i NN,
01 2 3 45 6
Three 2's are 6. |
. ' © 3%x2=6"
0380 E. Multiplication developed as repeated addition . N
. (See 0080) . -
J
. ‘EX. 4 + 4 + 4 =‘= 12
The sum of three 4's is 12. ; LT e
. 12
, 3x 4 =12 ‘ ' . \
14 a
| A
0390 F. Mu]tip]icatibn developed from Cartesian product sets
Cartésian;product\sets - See 4160 )
, | Ex. b ,
14 :\ ~:§: N T
How many dots-in column q? in column b»? Connect each dot Y
in g with every dot in b. How many line segments, did you
draw? (6) - .
The firgt dot in column g is connected with 3 dots in column
b by 3 diffe¢rent line segments. The second dot in column g .
is connected to the same 3 dots in column b by 3 different,
'line segments. Togetfier the dots are connee by 2 x 3 or
6 lines. N ‘
0400 '

G. Closure, a property of mu]tip]fcation

. . '
. Closure - See 0140

O . \ ﬁfii ‘ - ,
ERIC . BRI
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’ : . Whole Numbers

. OPERATIONS: MULTIPLICATION

Ex. 12 x 25 = 300

12, 25 and 300 are all numbers in the set of whole
numbers. ’

N v [4

H. Commutativity, a property of multiplication
Commutativity - See 0150 ‘ o
The product is independent of'the order of the factors.
Ex. 2x3=3x2= 6 - |

Ex. axb=Dxa

‘

1. Assoc1at1v1ty, a property of mu1t1p11cat1on

»-',. . ,» )
Associativity - See 0160 G B

The product is independent of the way in which the factors
are associated. & -

-

Ex{ ‘I x 2 x 1 = (3x2)x1=3 % (2 x 1)

“Ex. a x b x ¢ = (ax b) xe=qx (bow c)
J., D1str1but1v1ty, 2 property of mu]tip]ication over addition or
subtract1on - .0 . :

Distributivity is another name for the distributive property.

Multiplication is distributive over addition or subtraction.
(4 x.3) + (4.x 2)
12 +r 8 .

Ex: ‘4 x (34 2)
4'x - 5

ng o

20 « 20 7
"2‘ ij. 4x(3-'1)= 4x3)-(4x1)
. bX 2 = 12 - g :
8 'z » 8 - - *
Ex. ax (b+¢)="ab+ ac
$ »
15 S

.
e A '

0410

0420




_Whole Numbers
OPERATIONS: MULTIPLICATION ’ .

-

0440 K. One, the identity element in multiplication ~ ‘
Identity element - See 0170 ) . .

One is the identity element for mult;plication because
multiplying a number by one leaves tHat number unchanged. ' PR

Ex, 5x1=1x5=5

[}

Ex. 1 %x3=3x1=3 . .

Ex. nx1l=1xn=n

; 0456 ‘ L. Property of zero in_mu]tip]igation
o Any number times zero equals zero. 1“£
EXx. 5x0=0x5=0
Ex. 'n x0=0xn=20

N

Computation: ‘ two factors

A. Elementary facts of muTtiplication , ,
R An’ elementary (basic) fact of multiplication has twasf3le
- ‘ ) number factors, each less than ten, and their product.

Ex. 5 x7=235

0470 ..~ . B. Multi-digits used in multiplication.without renamjng

R . ' Renaming in multiplication -means considering ones as teng
and ones, tens as hundreds- and tens, etc. .
.« ‘ Ex. 32 42
Y X 3 x 3

96 ‘126

There is no need to consider ones as tens and ones nor tens
as hundreds and tens. ~,/’?n

v




. Whole Numbers

OPERATIONS: MULTIPLICATION |

C. Multi-digits used in multiplication with renaming 0480
. ' Ex. .45 40 + 5 -
x7 —x 7
315 280 + 35 =

280 + (30 + 5) =

[}

(280 + 30) + 5 310 + 5 = 315

w

Note. that 35 was considered as tens + 5 ones. 3 tens were

then added to 28 tens.

) y .Computationfﬁi more than two factors S
A. Mu]tipii ¢ t‘:}f'ori w1th more than two factors, without renaming . 0490
~. Only elementary facts are used.
/ Ex. 2 x 3 X 4}
D - X ‘ )
’ Ex. 2 x 3% 9 - °
¥ Ex. 1x2x3.x4 ' : ”~
\ B. Multiplication with more than two factors, wi th‘renaming 0500
 Ex. 6x3x9=(6x3)x9=6x(3x09)
- R : ;18 x 9= 6 x 27 V'
. ‘ y162 = 162 y

»

When 8 is multiplied %y 9 the 72 must be considLred as 7 tens
and 2 ones and 7 tens combined with 9 tens; or when 7 is
multiplied by 6 the 42 must be considered as 4 tens and 2
onés and the 4 tens added to 12 tens. .

SR S | Y ) '
E | i 17 m6 ‘ 4
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— .\elhole Numbers . *, . .
QPERATIONS: MULTIPLICATION =~ = .
_ Computation - ' ) -
g 0510 A. Multiples of ten as a factor ° o :

v

Multiples of 10 are numbers which have a factor.of 10 such
as 10, 20, 60, 120. T

. . . N
. A

An exponent is a small numeral written above and to the right
of a base numeral. When the exponent is a whole number it
shows how many times the base is used as a factor. )

Ex. 43 x5

[}

b x 4 x 4 x5

N
x Ex. a2 x g3 = g2+3 = 45 .
Ex. 62.x 63 = 65

34 % 33 = 37

Ex. 81 x 33 = .
Ex. 92 x 33 = 32 x 32 x 33 = 37
0521 - Historicalsalgorithms

. Ex. '"Peasant multiplication' is a method of multiplying by

. . halving the multiplier (ignoring the remainder, if any)

S and doubling the multiplicand. Results are written in
two columns, and any row with an even number on the left

is crossed qut. The total of the rigﬁt hand column is

o

A\l

™ the answer.

%{ . MK ‘ )
&\vn N

¥

R * ‘}'
* L 18 “’Z

Ex. 12 13 ' 25 -~
\ * x_10 x. 20 X 60
* 120 © 260 1500
> 0515 * B. A power of ten as a factor ' T ol
4 .
Numbers such as 102, 103, 105, etc., dre whole number
powers of 10. .
Ex. 100 x 15 = 1,500 * (100 = 10%2)
bi.
. Ex. 1000 x 23 = 23,000 (1000 = 103)
0520 C. A number expressed in exponential form as a factor :
(See 3120) -

ARN
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. 3- | Whole Numbers

'OPERATIONS: MULTYPLICATION = : T
- R ‘g’ - -
/ ) ' - ) - -

Multiply: 52 x 23 : - .

7

» . 23 52 . .
, . 11 104 : 7

-

-~ 5 208 @

'_'2_4}6— -

1. ;832 o ~ .
f196 (answer) . ®
N N

" This hethod is based oﬁ the binaty system. ’
. Ex. The grid or ‘grating method of multiplying
, . Multiply:. 58 x 327&" . o ]
. ‘ . 3 2 - 7 - N ) \ .
' ¢ 1l 1/13 '
IR VEIVLAVE .
- YAEYAE .
IS P VL )
9 6 6 .
’ ¥ The-product is 18,966, .
Use of multiplication tables . B {w_; 0522
’ :
Ex. Complete the chart .y .
. .~ . . S
* . . h}‘” . .
‘ P X 1 2 * 3 4 5. . )
LY " l'
, 141 |2 ) o
/i
N 2 ' » ,,; 4
. \d L
3 6 ,
4 1
- - 5 . ' N )
- A
/
e . ) # T ;
- . A "’ g -
¢ TN
s 1 ‘.} . )

\.' : . ]9 Vel “» J ‘ ' o 3
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Whole Numbers

OPERATIONS: MULTIPLICATION

»

-

*. ‘ Ex. Use a multiplicatioi table to fipd the aﬂswars to these
. problems:
N . ‘
. 3 X 8 = ) f
2 % 5 = :
. OPERATIONS: DIVISION e
/ » . Basic concepts
0530 “A. Division, a binary operation - N

Binary oﬁefgtion,ﬁ See 0110

3

T 0540 . B.
- (See 4060)

’

'

-

Division Hevelqped from partjtionj ng into equivalent- sets

*

o . - Bx, .
- / y :
L .- . [0
. 0 e
. «lo co
» ’ ‘ ‘ i : .
\ . . P L - ‘ ;
* . ‘ \'_/ Y
How many sets of 3 objects each can be. formed from 6 objects —~

or 4f six objects are separated into twa equivalent ‘sets how
v Iarge will each set be? ' ©
N N A N

0550 +C. Division developed as successive subtraction * ‘
' L Ex., -12 . = ,
. S » . -4 C :
- : 5 o
¢ ~ .-_l-'- . ‘- . = Y . ~l. N
o : * "'_:_4_ ' . ) o
. . 0o . - o . .
. ] ) L5 - - /l
. < In the total operation 4 was subtracted 3 times’ with no ”
remainder. There are three 4's in 12; 12 ¢ 4 =3, . ¢ - T
* - \“r“ . {‘. ‘ ~ N ) .
Lk P \‘-—4‘ y M
‘ ~ : .% : - . -
N .y . ;. . '\t - - ' . r. - . " ., ‘} . ’ . .
| o .. o, e T ' fe P ‘
~ERIC. e : 20 T
'““' - " N .;; * A '
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Whole Numbers
OPPRATIONS: 'DIVISION ‘
D. Ppivision developed from arrays
) _'Arrays - See 0360
' 3

F. " Division, the inverse of mul'tiplica'ltion‘_‘

.4

L

" each row? 8 172 =4, . , o

“Ex. If 4 x[:]= 17

EX. . « o o

-
. e o 0

.

If an array. of ‘8 members is arrangkd .with 4 to a ;qw;;how'h

.

many rows will there be? 8 + 4 = 23 or if an‘array of 8
members is arranged in' 2 rows, how many items will be in

’

:3‘

. Divjsion developed-from the number Tine, |

Ex. N

'

> = P
<0123 4.5 7, . T
How many 3's are there in 67 S {
6+3=2 - o - S

~

Inverse -~ See 0270 .
. . \

then 12.'¢+ 4 = [:] tthat same number)

s

G. bistri‘buti vity of division over addition'bnsubtrac';ti\on

Ex. (4+8)+2=(4+%2)+(8+2)
"12¢2=6and2+4=6 .-
Ex. (8-2)¢2=(8:2)-(2:2)
6 :2=3and 4 ~1=.3

The distributivity of division oveq'addition or subtraction
holds only when the operation of addition or-subtraction
precedes the division.

0555

0560



Whole Numbers
OPERATIONS:' DIVISION
0580 H. Role of one in division . -

Ex. 12:1=12;n:1=n ,

J . One is the right-hand identity element for division.
B, 12:12=1;n4n=1 - \
"Any number® except 0 divided by itself is-1. h'
0590 " 1. Zero not a divisor

. What pumber could equal a numberfdivided'oy'sero? o

& = Could'ﬁ-=0? - R

Since division is tHe inverse ofﬁmultiplication then 0 x 0
would have to équal 6. This we know is not true; No number
times 0 will equal 6 and no number times 0 will egual n.
Therefore, division by zero is an undefined operation.

e

0600 R Nonc]osure, noncommytatiwty, nonassociatiwty of divismn p

Closure - See 0140 ' v
Commutativity - .See 0150 . ' .
. Asséci'ativity - See 0160 C. .

- -

Ex. If A= {1,2,3;4, cee} and the -operation is division, then.

LY
) . closure is not.a property of division since 3 % 12 = X,
but % s not a member of set A. ,
) commutativi'ty is not a property of division gince. .
._"_““ ‘ . 2&3#3&12884*400 . . - -
,/ associativity is not a pyoperty of difision since ’ £ -
- . (24 + 8) ¢ 29‘241(8'*2) w N
.. : 3 + 2424 4. ,
N — : _— _q ' ——
54 6 - .
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. ‘ Whole Numbers

. OPERATIONS: DIVISION®

Cbniputati on

.

A. E]efnentary facts of .division - o 0610
f ] .
In elementary (basic) facts of division, hoth the known
factor (divisor) and unknown factor (quotient) are whole
nnmbers each less than ten. . . )

Ex, _ 8 o : : o
4)32 or 32 :4=28 ' N .

B. “Division: -known:factor (d1V1sor) less than ten, pneduct. o 0620‘

(dwidend) npt’ renamed no remainder ' ¢
.- ‘The. ‘dividend i:s not renanéd if each digital value in the ’
dfvidend I's 2 multiple of the divisor. " )
- [ . , ‘ R . .“- .
e Ex-.'"' .&3_‘&1., ‘ 121 o 312 . .o
,--r“?*‘ _ 2)&682 p ‘.*)é% "4)1268 .o - el e

C h;v;snon. 'knqvgn “Fattor (dfvis }1ess= than ten, pr}oduct ¢ 0630

5 ('d1wdeh,d) bot renamed‘ remi r-. ot LT .
e ',s.‘Ei.c."" iz 2 s 1 e
ol 48" ""4)33 \:v,' S

L] .
; vt » T, e
N - . .,-.»..’ » - \‘ - . .

4 D ‘Divisions " kriowr fec,:'tor (d’:‘v-rsof') 1ess than ten, prot{uct . .. 0640..
o (dw{dendi renamed, no remamder N N R -

. \ O
. < *
- \ se ! ~ \
o . . Ja - e‘_. \ N L s
. T . ' EERY .y, » .
. - S b N A . . . . ‘
L3 LR . K . . VL e a0 ’ .
. --....._.. N B .
v ., o2 ot RN .~ N N -
b . . e s s, A N . .
- . . . . I

-

The d:ﬁvidend is reﬁamed as 25 \‘te@s and 6 oues an

e ¥ '-;' as 2{9 tens; and 16 ohesw, < v v PR _
B A' r~ " Ny ﬁ- -7‘.“ a‘ \\: _,' ". N .

g '- 5 - ’ R .
3 » .

E vaxs*aon. known factor (divwer)*?’ess than ten, pr‘qdqct
SR (dwidend) renamed, remainder %7 o Lot

"o o

-t
5

T ER. 32 £l I A R S ,
L 8)257 . ; . an":":" e "“. PN
. . . . g S L i "-" S ". .o - ¢
The dividend is renamed ﬁas 25 Eens and 7 ones and then ) .
as Zé’tens and 17 ones, . T L LT ) .. ;o
' L N .
“’ -~ N . . . . » N R N
ﬂ c s ? “ - R VoL ' -
. R ; . . : 3
< x . ' * - RN - . N -
! Y - ' - ':.- 5 . -~ . *
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Whole Ndmberf .
OPERATIONS:  DIVISION - T :
F. - Division by ten or‘ grgater; numbers. . '_
=3 ' . 1w :
. ,10)30 26)546 296)52721 h .
G. Di,‘vi_sion by multiples of ten ]
' Ex. _25 < 41 5 e 86
10)250  40)1640 300)1500 120)7526 .

’ »
\

Note: If a text develops division as a series of subtractions
the same type division exercises will be used though renaming
as shown in 0640 will not be used. ) ’

The examples used in 06‘29521-0‘13}1 0665 might be solved as

follows: !
See 0620 . ° - See 0630 - See 0650 -
Ex. 12 .. Ex. 1r2 Ex, "32rl-
1 1 2 :
1] 20 ) _Lo_ . M 30
100 - 4)46 8)257
43484 40 240
40 6 ) 17
~ ~ 4 \ 16
§0 2 ' 1
* 4 R Q‘
. ’_4_ _
See’ 0660 - See 0665 -
Ex. 21 " Ex. 25
o 1 < 5
. 20 20
/' 26)546. - 10250 , .
520, 200/ \
26 . 50 . -
F 4 4 -
A . ‘
t ) . ’./ ;
> §
' .7 ' '
. ‘}c/ ~

b




‘ A S Whole Numbers

" OPERATIONS: DIVISION | / -

H. Division by oo'Wers of ten - _— . 0667

Ex. 263 : 100 = 2 r 63

73

© " Ex. 4256 #1000 = 4 r 256 . .
Ex. 5000 ¢+ 100 = 50 o R B
i ) "o

<. 1. Division with numbers expressed in exponentm] -form P . 0670
(See 3120) : o I I

Exponents - See 0520
Ex. 10° & 102 = 103 -
Ex. 45 ¢ 42= 4% "¢ oo, ' “
Use code 0670 only when exponents and bases are positive .
integers. . : _ _ - \
Historical algorithms . - . . e . o Oé]l
Ex. The scratch or galley ﬁ;e‘tho& R ’ . T
The modern algorithm is given along with the galley
method, In the galley method, -digits are crossed out
and diffénences writtfen above rather than below the

minuend. - /The digits of a given numeral are not ' ' s
necessarily in the same row. ’

’ Divide 2631 by 37 ] Answer: 68 r 15
Y N 6 - 6 68 68 L
’7 37)2531 - 37)2531 37)2531 37)2531 T -
SRR R 222 222 '222 222 S
' ’ : ; 311 311 311 Lo '
R g 296 ..2._9.§. ”
p ( - . ’ :\ 15 ..
.. 1 ’
L 12~ |
) - ' 31 31 315 .
37.,2531, 6: 37233116  37/|73p1l68  37(293Ll68 = - .
222 222 7226 2214
E 29 | 79
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Whole Numbers " * o s DRPRE
‘: . . - B o ' ' NPT . -:';:
OPERATIONS ) S 2 B - i

Comb1ned operat1ons (addition, subtraction, mu1t1p1ication,
division) °

A. Two sequential operatipns *~
"Bz, -4+ 832=1
Parentheses should clafify such an examoie:

v bw (8% 2) = 4+4=8

N wre 2 - “125256 ,
L .This, code should not be used for examples such as.' -
. . ‘
< a) 32 though both multiplication and addicion
. % 18 . are usedws
- .b) L :
28)5656 though division multiplica;ion and
) subtraction are used,
'., .. SECEEEL IR ._‘ ‘ v
B. ( sequentié]‘operatiqns.
. . - ° 4 ~ »-
‘ - - . [
See explanation 0680 SN 4 S
4 ..: S Lo
. ;’Ex. (46 x 8) -~ 5+-(8 + 2) it L s
-:iz 4 5+ N P N
b _RaJsung to powers/ﬂ;d f1nd1ng roots S, »
. (See 3120) T .. e o
Ex. .43,= 4 x: 4 x 4 = 64 -
-’jfie A square root of 75 is 3. ;5\0 S \\\ T

N Note. Oniywwhole numbers can be used’ in, code 0700 sinoe :
° " this topic: is.paft of the major topic Whole Numbexrs', Y
s = See page . . .

o " - ) ¢

N -~

. If the: notatzon!not operation 18 being developed code 3120.

~

: R UL ’
L I ' -
..
‘ .\ . R ~ ~
: 26 85 |
= * ¥ . " .)'f"' \ .

*

The equare root of 25 is not considered as 25% See 3120“ .




Whole Numbers I~

.

OPERATIONS -
" 0710

Several operations in the same lesson
If one or two operations predominate do not use

Note:
‘this code. Code the operations. -
. )4'. - f . .- ’ . a , : -«
Mobe than two properties , SR . 0720
Note: 1If one or two properties predominate, do not use

this code. Code the properties.




~ TOPIC I: Number Systems
NON-NEGATIVE RATIONAL NUMBERS

.-
Fractional Numbers . ;
. ) .
BASIC CONCEPTS . \ .
. ' . \
1000 Definition: set of nonnegative rationals (fractional numbers) - '
. . ' A nomnegative rational number i% a number that &an be
expressed as the ratio of two whole numbers, provided
that the second numper (the divisof) is not zero.
N Exo 3 ¢ a " '.’ * ' . hald
%3 % when b # 0 : s oo :
Note: When nonnegative rational numbers are congidered,
‘ the term fractional number will be used. When numerals
are considered, the term fraction will be used in the .
content list, . /
, ) . / -
1005 Developed in terms of basic operations .
. . o »
‘ Ex. 0 2 -
2 .2 .2 2 5 :
5 23 33 4G) 5 , . o,
7 A . . h
0 5 ‘ 7 ' J .

- 3 + 4 2 : (-
- + t 2 t 1 Ll

}

Name the points shown or the number line in order.

s

_,?x%,?x% ’ !




' Fractional Numbers

. BasIc CONCEPTS

Developed from arrays or subsets , ‘ " 1010 @

J* @000 o

Note the array of four circles. . How many are shaded?
When one out-of four g shaded we say % of the circles
are shaded. Which numeral shows the total number of
circles? 'Which shows the circle shaded?

Ex/ {a,b} is a subset of {a,b,ec}.
How many elements are in the first set?
" How many elements are in the second set?

. We say that'é of the elements are in the subset.

g{ " " Ex. Look at the set of figures.

o

s First see how man (equivalent) subsets are shown.
- Second, note the fiaction name thaf .tells what part
of the whole set is shaded. (one-third)

Dé'ileloped’as- distarices on the number line . ' ' ‘ 1020

0 1 2

Y

. We can pair names for fractional numbers with points on the
number line. What is the name of a point halfway between .
0 and' 1? Let us count by halves:

0
‘2'"

DO fi
-
rofno
o
rofLo
-
[SYE-3




Fractional Numbers :

BASIC CONCEPTS

Divide the space from O to 1 gnpé fourths and count by

fourths. When we write é-which numeral tells-the number

A
of equal parts into which the unit distance was divided?

Which numeral tells the number of parts being coﬁsidered?

4

Developed from plane and solid régions '

P

Into how many equal parts is the square shape divided? How
many parts are shaded? What part of the whole is shaded?
One of the two equal parts is shaded or one-half of the
whole is shaded. Circular shapes, candy bars, cups and’
other familiar objects can be'used to show fractional parts
of a whole. : :

“

- 1035 " Developed in other ways .

1040 Mhole numbers as related to set of nonnegative rationals
(fractional numbers) . ' .
(See 3040)

The set’of nonnegative rational numbers includes the set of

whole numbers which may be written in fraction foim‘%; a and
b are whole numbers, @ is a multiple of b and b is not zero.

TR S R T
24 % s3 pes . g1 1-3

N
- L]

Definition: equality
(See 3020, 3040)

Rational numbers which have the same value are.equal.

% ='§ if ad = be and bd is not zero. |

¢
.

Ex. The value of the fractional numbers %.and f% is the same
since 3 x 16 = 8 x 6,




.~ .

BASIC comp:z‘s
‘Counting

Ex. .2, .3, .4, .5, .6, <.«
. | f
Ordering: greater than, less than, equaf to, not equal fb, between

n -
v

D

A

Equality - See 1060

v

Ex-%?%if(';d>bc : -:2;>-177
5 <S1if ad < be _’ﬁ}é\ .
%?-'%if(‘zd=bc $-% |
ioipd 0%

Unit fraction; law of %- . . : <

- (See 1421) - '

\

- ¥
1

A unit firaction is a fraction whose numérator is ome and
whose denominator is a positive integer.

”

If g is a nonnegative) integer,?q x %‘- =’

R

Ex. 1.4
X. 4x3 5

-, Trichotomy property v
(See 0101) '

s
H

If-q and D are nonnegative rational numbers, then one and
4
only one of the following .is true: .

a<b,a=b,b>a

1080

1090

1095

1098
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Fractional Numbefs '

BASIC CONCEPTS " o
[’insi ty
Density is a term charecterizing anf ordered sequence of
elements 'such that between any two elements of the sequence
another element exists. Fractional numbers have density
' - because between any two fractional numbers another
fractional number exists. ’

?

Ex. Between = and 5 there exists another fractional

10 10
51 5 51
number, such as 100, between 15 and,—=—— 100 there exists

A

another‘fraefiondl number, such as %6%; etc.

1
Ex. Between .8-and .9 there exists another decimal number,
' 81; between .8 and .81 there exists another decimal
. numbér, .807 etecy .

-
’
-~

" OPERATIONS: ADDITION | ct .

- Basic concepts’ . | ' >
A. * Addition, a b.inary operation
Binary operetion - See 0110

1 3-
. Ex. 7+ 2.7

CER 45+ 213 =2

B. Addition developed from union of disjoint sets

& X ¥ ToJo .
What part of the set of all the circle shapes.is

black? shaded? What part is marked in some way?
Write a number sentence to show it.

+

)
wvij
wN

=3
5

For decimal fractions use 10 shapes.




x , . Fractlonal Number§ -
T )_“ ) . . . . : . . o?‘ ! . .
. OPERATIONS: ADDITION _/ : R £{

i
<

C. Add1t‘ion~de’ve?oped frfom the number Yine . - T g

, =
Ex - / - LY s Ly
‘—i K\i/:\. - . : R L . ) ] PR . .
/ “o L 2 374 ;. . R
j’ ) 5 5 5 / 5 . > T / e .‘,( “. X ’;A-
-t 3
! 4 Co. ! g .
3 / i . . . 7‘ o # . ‘'
. } ! \ i F'’s
* . . 5 -
e We can add fractional fnumbers with the sam\e denominafors
‘ ag we ,a-dietkvwhole numjers.  ; : "
‘ v/ ) \.\. o co E .; ﬂ ‘; 3"
2 3 ,” * :
- / B+ g'g g ~ ) ’o' e .
\” )é‘ \ : o Y ™ '
. ow Bhall|we ahow the jumps? ~ What is the. enomj\nator L s
o ' *  |of the s can you find te numerator of the sum?~- .. = .~
' I3 ‘\’ o - : N R s b ' * . . ., - .
ve] ped from plane or solid regions : . 1140
0 Nt - ) -
=N ' o
\ qw ) | 3 ’ / -
o - What partc:)f ‘the circular‘shape is x;égl_,? b_lne?.' What g e,
.+ {-partim” lored? oo . o : :
IR ' : 1,1 2 :
.t . < I + 4 = 4 CoE ;" . . . : .
. v -t e - B T | ®
|| What does-the 4 tell us? the 22 How could 2 He foynd \
4 % from the numerators? Why must the-4 be used for all |
. ! denopinators? (It tdils. into how 'many equal pfarts the
- / whole is separated. ) R E o l ‘

E. C‘losu‘(e, a proper y of add1t10n T ' _ 1150 .




: .\{i . . . ~ ;‘ R N oo
ke ﬁCommutativity, a propee;y of. addition n T
Con:nuta‘tivit:y - See 0150 T ) /
L mez Diz2in T . .
ER 3, 4 4, 3"' 2 ' PR . . .
. s . Y . e L ~N o .
o Ex‘ 3 + & = ¢5 + 3 = .8 ': . .\ _.; \ ™~
. , -'..'f' oo N .o . N
~ ‘ '/' ’\‘ “‘ ~‘ . - \ 5 ,. R . .

, ~
dA AESaciatlthy, a properky of fddition S '// /

Aasociativity - See 01ﬁo NEaRE coa o . . /(

' ¢ oY -~ - [!"5‘
. LExe f1 LN 1 ;Q 1.1 ) \ X
i ,7'.'\-...3’?1--“.,2"4‘*3*2 - : ‘
A ‘/} M“"..7'1”1 5 T .
- ‘;\T Y225 +%%; / ;
S 1.6 ggg% 13 ) !
5 VIS VI VI VI T S

Ex. .3 'F (.25 +‘.19) = (,.;3 + .25) +”4 » )
! . ,‘l‘ - 1]

* 3465 = 554 4 f 95 ‘
N o : I .\\/" .
H. 1Zero, the identity elemént in addition /o ' “

“

Identity element ~ See 0170“

Ex. {

2
,3+o=o+

wlN

2 _
3°

Ex. 4+0=0%.4= .4

Computation - - ' _ {

A. Addition with comimon fraction hotation, equa] denominators
(like fractions)




. Fractional Numbers
S,
OPERATIONS:  ADDITION .

o \;’ :

- Ex.. A
tTg g

+
ool oojw

i

ol
o
-

N1

-

'5

=
&
|Au \'m—-'
tx
2
o

+.
[
]
\O

~!
~
[
N

o+
oolu: oolw oocﬁ-*

1 3 or 12}
1 \ . .

. Addition wi\th common ﬁaction notation, (m? uaft denominators .
(unlike fractions) ' , ’

(See 7060)

*
+
N win
o

T
]
W

— l
-
(=,

ml\:l
™

SN

~
+
o= Wiy oofw

ot
IO




-\-’)\ R f . o : ~\ ?:‘A:/' ;;'
»" / - , .- - "f" - N
/
/ ]
v ‘ - -
1 . \
Fractional Numbers .
OPERATIONS: ADDITION . . -
- 1210 C. Addition with exact decimal fraction notation
: - > : , : .
Ex .‘ c e 5 + . 25 g. . 75 or . 50 (Bince . 5 = , So) L3 °
I . +.25 ¢ - '
/"'”"’A ., * . "’ \.75
- s ) e . (’ ) -
Ex.  .121 © Ex.  30.7 | o ;
.342 © . 485.2 . | ‘ J
. +_.514. +1.96 . " . L
‘ .9'}7 ‘ 517.86 ‘ , ‘

~ Do not use this k_:Bde with addition ,invoiving money ... fUse :
6040 and &ppropriate coderpder addition of whole 7mbers. ‘.
l,; . - ) . / .

. OPERATIONS: SUBTRACTION P

<

-

-Basic concepts

L)

1220 A. Subtraction,-&{nary operatien

Binary operaticn - 87e 0310 ~

] -

, N

¢

Pk A . B s
1230 "~ B. Subtraction de\?elq/pgﬂ in relation”to subge‘ts : . ' :
R Lo U N S
’ ° Ex. N ’
- . l ! e .
‘ o ;/ What part of the set of all the cixjg_u],a: shapes ! ..
; is 1 circular shape? 2?9 37 47 57 What part | N
\ o . of the shapes is shaded? Can we find:the part 1 e ' -
4; \ ‘ ~ not shaded by gsubﬁfaé_t.ilng? "How? -g- - -§- - -g— _— S T
4 i . ' . . ", *
| )\ Check your answer|by counting: -]g'-, %—, -g— ngt shadgd. R .
oo ‘ \\ : . .1'.9 -—‘ ‘; 6 ‘ ' "A" e .
. ! % . For decimal fractfions use 10 shapes: 0 0 o
‘ ‘\ / or 1 T e l= '06 “




N V .~ "+ Fractional Nuribers

v

OPERATIONS SUBTRACTION R
'C. Subtractwon developed from the number Izne ) ]
* > . \ s '
. Ex. ' \\ ‘
4—f—— ?‘/'—7?\“ﬁ ——
. 6 6 6 & 6 :
. - P . . .‘ 2
. ‘Count he parts shown ?B,:he number line. Subtract‘6
from £ as we did with whole numbets. % -2 3. 5w

is ‘the numerator fmmd? Why is the denominator 67 (It
- tells into how many egual parts one unit of distancewas’

divided in each -case.) . ‘For decimal fractions divfge the
‘unit distance‘*into 10 parts.. '

&

- . D, Subtraction deyelobéd from plane or solidl}egiqns

v

.Ex. See 1140 - ot

. »

E. Subtraction, ‘the inverse of addition

Inverse ~ See 0270,

" Bx. ;0 l,1_3 3.1.2,.1
If 2+4 3 thenr 4 ™% o’r2
- 4105 5_1.r
[:] A then A 4-'[:3

B

.56 then .56 ~ .37 =[]

16 (] 4]

]

F. Role of zero 1K/sub actwon »
!
] v =
Zero is tlJ]e'; right ifentity eIlement| £6r subtraction.
Ex. 3. -3 ’ ©oFxe g [ J_a_v |
G " ol 4 : 0%
! ' i
Ex' N 018 - 0 - 18 A . , £
. \’/
-
‘ o )
| ¥ 48
4, ? M o




aéttona! qubers

> R } M . ) - ,
. ‘:f:‘, “ ; P ‘ o " il 7 ; - ..
OPE'RATIONSr SUBTRAC‘TION Vo CELST L
. ACEPERY 4 e -, v ".‘ ° -"o/." M .
I N Tee - .t . “ {, .
- N . T . < \ - \L‘ .« .
- ,\
.. - c -

P Any number suht»racted fmm .’Lt.self ds zeto,

s 1280 G Noncmsure.moncomutatlvity,,,nonassomatwity $n suht.r Etion Nl

o o S I . ‘;"c .’” T > ot . '.""‘ < ‘ i
R T Closure = < - See 0140 TN el T ey T -

. .'.;'. ) .\ s Commutatiﬂt}" ". See -0159 . '-;'-». '., c = . ‘:."- \‘ p o "1;‘ . i . . . .

L ‘ - " Associativity ~ See 0160 " . . ., ~ T e ’ .
: ) <, : o C SRR .

P =+ 'Ex. Nontlosure: Cenl L R T
. .

. o + . « d . P
o ' . . B UL DI

. . - . . - T . % . .
: 0,5 = 0.75 = 50,25 oo v ¢ L Sl T e Lo
. - -‘.' " » ’ v A N °. - ‘ . ‘
ey . ' E4 + o & PRl - . L L. K st g . .
. \ T . . e e
. o~ oL . ¢ . ' . . le e Y ] " o LA H

. <o PR '.- [ K B . T Lo

ey . rationa}. x3 ers. P ‘ ".'-,:‘./ ‘. - S t.., .
' . . SR v s « - ; Lot "'r.‘ "-: R . 4
o C . Noncomtgutativity: R A D SV AL )
s N N . A ) P .. i . '. ‘ Te .

¢ 2 " o ’ B ¢ ‘-1 1 £ * % ! 4 * . PRRTIRN [ .o ’ a'
L .. 8in - = P . K TR K S ., el
LR N S SRR R T
v * - - / Y ot .o . . N PR )
. . . K .. P4 " . . -‘ e . S . -‘. .

- ‘ g ‘.. 25 - 013 # ':153 - 025 h 2 ' . L Y. -

: : v e ’ .- hd . - "' < «‘
T e T Nonassoc:[,ativity ) - E

LA "J‘f‘ ETEAN _1._ L N N

1 1,1 1. . ' . :
v f 6"' #.2:“6 ' . 3

) r * ~



Sl \ "." Fractional Numbers < *
iy OPERATIONS; - SUBTRACTION | =

- [ hd

L (5= 125) - 24 .5 - (.25 -.2)
IR N > ;

S 025 - .24 .5 - ,05°

) ' i " 2 '. ) . . *
O oY 105 4 .45

K I {“.,; - '.:; .':T .‘:"" R
Computation. .-~ . Vil - " -

A. Subtraction with common fﬁééthn fotation, equil denominators

‘(like fractions) /.~ 5

Eét ‘;..'

" v

5_1_4 2"
66 °r 3

or 2
3

3
12

1
4.
L2

'z;'or6%‘

Subtraction with common fraction notation, unequal denominators
(unlike fractions) : ‘ (
. (See 7060) . . ] . .

Ex. 53 1 5 3_2 1
\ 26" 669ty or

3




1320

Fractional Numberé

-’n

OPERATIOMS SUBTRACTION - ' e

L)

\ . . , ~

g ‘C. Subtracti on wi th dec1ma1 fraction notatlgn o
Ex.. .75 : R 7 OVEx. . .584
-h315 - . -.ie3 :
. 375} UL TTReL -
. Do ngt use this code. with 8ubtraction invoiving money. Use
) v 6040 and appropria:g code under subtraction of whole numbers
Lo OPE'I'?ATJ"ONS: * MULTIPLICATION - IS
Basic concepts . f . S
A. Multiplication, a b1nary operation ;

Binary operation - See 0110

« .Ex' -§-x-§-=D

Lk 3% 4=)

) B. Multiplication deveToped from addition of two or mo

fract1ons
CEx. 1.1_2 Ex. .3+ .3=.
. \ 3°-3 3 "
' - . - 2)(.3'.
1+ 2
2)(...:....
3 3

il ‘I
C. ‘Multiblication developed from arrays or sets

Arrays - See 0360

X X Yo

t n’3
.'O ;

¢

2‘)(6:[,

1




b4

' oPERATIONS:" MULTIPLICA.’Z'ION

-

S:lx of the objects in set A are shaded.

Three-fifths of the objects in set A are shaded.

!
T

'mlw’f

10 = 6 .

s Note: One of the fact:'o'fs w.ill be a whole number. ’ i "

8 R :

To find 3x -8-, take 3 j 8 of L each on the number v
?z 2.6

'nneax-l-:i Find

. = =, How is the new . 7
. 8°8 87w T Y
v numerator found? Find aleo -i of 'gs Where is the
S 5,5\ 3.5
: hé‘lfway point from:0 to = < i'hen X 2 m T _
1 How. is the new numerator found? the new. denominator? ' '

.. ) t . -
Ex. For'decimal £r§ction8 number the pointe as .1, .2, -3,
ete. -Two jumps of 3 each will bring the arrow to 6

. ) 2x3-'.5

-
P

o " o .

E. Mu]tip]ioation' de\lelopeq from plane and solid regions ' 1350

s
. M . 4
* hY
/ ' '
. .
. s N . . Pl
. .
.




- Fractional Numbers

OPERATIONS: MULTIPLECATION

’ Ex.

L-
Z I

»

The shaded part is what: part Of the lower row?

of the first columm? %-; of the whole'figure?
Is -,2]-" x % = % a truehs'tlzgtement?  How is the new -
denominator found? the new numerator?

&

In decimal fractions is .5 x .25 = .125 ‘a true
statement? Is one square .125 of the whole?

-

@1?%.‘?'?%.. a: property ‘(;)'F mltipifeation =

o

Closure - See 0140

Commutativity, a property of multiplication

Commutativity - See 0150 -

Ex.

Ex.

w

K

X = xg-a
327

5 x 3= .3x.5=..15

re
“

IS

?Associativi}ty,' a property of multiplication

ﬁssociativity - See 0160




P

Fractional Numbers

OPERATIONS: MULTIPLICATION

(‘I:

J.

13

Ex. .3 % (.4 x .5) = (.3 x .4) x.5
3% ,20= .12 x .5 = ..060 . :

Distributwfty, a property of multiplication over addition

or subtraction y

-

Distributivity - See 0430

“EREdEh

‘ Ex. 03 X (-4 + 05) = (-3 X 04) + (03 X -S)
3% .9 = .12 + ,15

27 = 27

One, the identity element.in multiplication -

Ident;ty - See 0170

x 3.3 =3
Ex. I x 8 x 1 8

Ex. 1x .b=.4x1= .4 E T

-

®

v

1390

1400 .
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(1

Fractional Numbers
. b ‘
1410 ' OPERATIONS: MULTIPLICATION

K.. Role of zero in multiplication
Any number times zero is zero. . ' .

Ex. %xo‘=0xbwhereb4o

. . Ex. 2 2 : '
. ' . 3x0=_0x3=03 . \ c . . _

Ex. .3x0=0x.3=0' ’ " . ‘.‘7 . )

13 * e
4

1420 L. Mulhphcatwe inverse (reciproca]) for any fractiona] nurber
: greater than zero

- . If the producg of two numbers is 1, then each number is
the multiplicative inverse of the other. :

o

The ree;prbcal of a'number is its multiplicative inverse.

>

Ex. .3 x % =1, 31is the multiplieative inverse and the

reciprocal of i, ; is the multiplicative inverse and

R the reciprocal of 3.

1421 M: Unit fractwn property
’ (See 1095)

1

‘Exm :
x b . \?

P

Q|
X
o

Q

Ex. 1 ' -

o "

,\ Computation ' k -

1430 A. Multiplication with common fraction notation

S
X
L=
]

N

. Ex. 2 1
129

wir
X
S L

.



L

Ex. -

5,L.3,5_715
ST Tl o

2 0
iz° 12

5 1,
Ex. -6—.X (7 +-i-) ==-6-

»
-

=.v;uA."}ﬂﬂéilMultibiiaﬁtiﬂh.witﬁ.dégimaﬂufraction.abtation

Ex. 3 x .18 = 5% -

Ex. .8 x .3 = .24
. N . .25
Ex. .5 ¥775 =3125 or x .5
il 125
¢ X .
" Do not use this%cpde'with multiplication involving money.
" Use 6040 and appropriate code under multiplieation of
whole numbers. . ‘

\
.

C.< Multiplication by powers or multiples of ten

Ex. ‘1?2'x 1%6 =.102 x .07 | B

102 is written as a power of ten. -

. 1

- ’
. - 7
E§. ?0 X 10 21 o

. - 30 is a multiple of 10. .

. . -7—_ _ :
*fx. 300 X 100 = 21

300 is a.multiple of 10.
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Fractional Numbers ) : - \
OPERATIONS: DIVISION
Basic concepts

1450 . ¢ A. 'Djvision,va binary operation

Binary - See 0110 _
-
1460 . B. Division deve]oped from successive subtract1on of two or more '
equal fractional numbers

* '

Ex' é;lu‘ "3"-"‘]‘."3'2_
| ‘ 2 1.1 ~
\ 5% %
11
- 4=0

,Three”-]-'-i:hs can be subtracted from 2 with no remainder,

4 . 4
+ -]:.zh '
GG 3
— T &
'Ex. 2 8 ' 02)08
...:2. -
-6 -8 3 2 = 4
- .2 “~
- 04
..._._2_
' .2 -
...:}_‘
0 “
1470 C. Division developed from the number line
' Ex. v 6 )
8 .-
— . . 45:::::::::::::i:::::::::::zﬁt
¢—F—t—F—F—t—t———+—P
- 0 ‘é .8.
8 8
EITa6 . - N

i)




OPERATJONS: * DIVISION -

L3 -
= K : \
g ‘

£.3,
8 8

N
fo
)

mgis%?ﬁ“i

. 2 o
Does i name the

i

\?115 may lead

-2 .
Tz b
' 16 a7 b4 p

S OBX. [T irv.
, [ S d-

h . l
i J‘ . 9 N
%+ How many f th."ére otliere in 2 le figur

. \ | 12, z. = 8 \
\ / B * I} 4 ,‘
- E. Division, ehg inverse of multiplication with ffaction#] ‘
numbers, Y : ) . o
[4 . > ’
3,18, L \
87278 Coe L
, 6 ~ \
3 ] . ‘ * W
8 7" % " -

- Ho‘w is 2.related to ']i"? Write a lﬂﬁl}iplica'fion sentence

for 5 3 % Does the~mp]:tiplicat:l;qn~sentence solve the
(Y ] " i
division &entence? f .




1500 . . F.
.\‘\‘ |
1510, . @G

EY ;
I
1520 - K.
1530 I

'~c¢mmmzivws: ‘ DIVISION

. Could %‘be divided éy 0? No.

[y

Closure, a.property of division

K / y
Closure - See 0140 - !

! ’
|
Role of one in division o , I

One is the right hand i entity el#;ent for division g

Exo 1,81 =

.Ex' 'o8 < lb‘a 08 f'/

/ !

S E
LS BN

!

see 1520.)

Any number divided by tself iséﬁne. (Note exceptiog;'

d

Ex. + S‘= 1

oR

c

’ | N |
Fm/j%:6=l N [ e
j ! . :
Zero npt a divisor f' ¥
(See 0590)

l

There is no number times O which will equal

4

»hﬂhé

' Noncommutativity,fngnassociativity of division.’

Commutativity - See 0150
Associativity - See 0160

Ex. Noncommutativity.

ol
o
RS
(S
o
ol




.} ‘.
" 1,2 2,
t2tgr 3l
: 2,2,2 3 .
. 3¥T7T9%72
‘ ; 4,1
e 313 ’

Con‘putation .
A. Division wi‘th common f,thu?n r&/ation 4 - 1540
; S
Ex. »..].'. L —- = ' \‘
' } 9\% Dif '3 ' .,
o . I
A TR -zx;.a- xﬁ
| , \ 3°3°9 . v :\
’,’ ' ¥ O "‘ ) ! .
| | fe'2:1.2 ‘ iy |
| / !therefge 7 375 . I}
1 / | ,
2,3.2 2,1_2.3.2
(9x1 3andtherefort=;9*3 9*X1"3 '
3 ‘ :
B. Pivision with decimal fraction notation - : o 1550

Ex. .5+ .25= [:] if [:] .25 = ,5

| '// 49 38_




. Fractional Numbers

| OPERATIONS: DIVISION .

.

2% 425 = .5
therefore .5 + .25 = 2 -

2. ' ’ .
or ,.025)050 > "(’ ) \

Check: 2 x .25 = .50
Ex. 30.1 s

.35)10.535 .’ -

Check: .35 x 30.1'= 10.535

Do not’use this fcode with division involving money. Use
6040 and appropirjiate code used under division of whole

numbers.
C.  Division by powers or multiples of ten ° ‘
' ' ! N : -
. , / Ex. | ~ ='.563 100 = ,00563 ‘
. ! ! L ' '
4 ¢ l K
. / ' = 5 % 1000
b X g
/ 1 . |
iy 2 [= 2000 Loy
OPERAITONS } /
Sequ7 tial operations : ' .,f
This coding should be used thn two or more sequeJti oper-

ations ar¢ indicated in opersdtional f rmat.

B 3,/2,0\ 3,/2.6 ! I
//,4 376 & \3%1) :
K]

le;nB

Ex. .2 x (.12 % .3) = .2 x .4 = ,08




: dpmra;:k

Several operations in the same lesson ‘

- i)

-

Note: If one or two operations predominate, do not use
. this code. Code the operationms.

" “More than two properties [

. Note: If one or two properties predominate, do not use
this code. Code the properties.
P !
Mg

51.




“TOPIC I:
Number Systéms
Integers T

. F

BASIC CONCEPTS

+

<Definition: set of integers ) B

. ' ' e ——

All of the numbers 0, *2, *3, ... form the set of ‘
integers. : ‘ Coe

T

The set that cortains every natural number, its additive
" inverse and zero is the set .of integers.

Developed from the ndmber line

Ex.

"3 -2 -1 0 1 2 3

Developed from physical world,situat&ons a -

» -

Ex. A thermometer uses a number line in vertical position,
Show 10 degrees below .zero on the er line. This
" is often written as ~10°. What does ~20° mean? ¥40°?

Gages like shuffleboard and monopoly use negative inte-
gers to indicate th¢ player "owes" a score or play money.
.A disk may. land“on 10 OFF (710).or a player may be in
debt $20 (T20).

!

Ordering: greater than; less,than; eqial to or not equal to; -
' between . S ' -

“When the number line j -in

; numeral to the right p represents a
greater number. Is 5> /4?7 (Ye8). Is 56 > ~47 (No).
Does 74 lie to the ri of 57 (Yes). I5 the number
represented by 5 < tHe/ nymber represented by ~47 (Yes).
What integer lies betyeen, ™6 and ~87 ) '




... BASIC CONCEPIS

v ~D1'g~ecte-a number'sz' aﬁso]ute value

Directed numbers are also called positive and negative
nunbers.
Ex. On a horizontal number’ line positive numbers are.
. usuglly indicated to the right of zero. Then neg-*
ative numbers dre indicated to thé left of zero. -
When the positive direction is’ determined on &
vertical or slanted number line t negative direc-
-tion will be opposite~to it. Zero is the point
" from which other number points are established and
is considered to be neither, positive nof negative.
- The absolute value of a: positive numher is that
‘nuﬂber. Notation |+3| = +3,

: /
The absolute value-of a negative number is itg
additive inverse.. Notation |‘ | = +3,

The absolute Value of both =2 and +2 is +2.

On a numbex,line the absolute value of a number is °
-shownt by its‘.distance from zerp without regard to
the direction. ]

. v .

-
*

OPERATIONS: ADDITION -

Basic-concepts .\

" A. 'Additioh, a binary operation R

Binary ~ See 0110

B. -Addition developed from number Tine

1
I
|
0 +1 +2 +3 +4
+

-
,.




& i_ l .
o ” ) N /J ) \ v .
. Integers I . 4
. OPERATIONS: ADDITION - : a

Ex" . ’ * -35 - N 13

’ - }

+2 |

|

t C r——_..

-

=3 2 -1 0 1 +2 %3 &
2+ (-3) = -1 \

[ i T
C. Addition developed from physical world situations

Ex. If the thermometer shows ~10° and then rises 15°, what

the, temperature? -10 + (*15) = 15. The temperature.
is +5°)

Ex. If you owe $5 and pay $3 what is your financial
standing? ~5 + ) = 72 (still owe $2).

Ex. If a submarine is 50 feet below the surface and then °
F\\\““\\gogs”33wn 20 feet, what is its position?

. /§50 + (T20) = 70 (70 feet below sep level).

v
D. Closure, a property of addition
; Closuré - See 0140 f , . /

,‘ ' . ,l
. E.  Commutativity, a property of addition,

»

Commutativity - See 0150

Ex. ~3+ (t4) =4 + (73)

)

N

F. Assbciativity, a propertf o}%ﬁtion

Associﬁtivity - See 0160

B €3+ () =3k (b)) -
T L R () =34 ()
T -1 =-1

-«
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- " Integérs.
. Y
OPERATIONS: ADDITION T B

R
. 6. Zero, the identity element in alditidd;" - s ';‘?' S
F Identity - See 0170 TN AR ‘V s o f,
Ex."76 +0 =0+ (6) =6 A '
Y6 +0=0+ (t6) = %6 ( \ DA

-

H. 'Additive inverse

-The additive inverse of any number is a second number which
if added to the first number gives the sum of zero. For
each integer @ the additive inverse is %q.

Ex. 3+ (3)=0

Ca) + M4y =0

Computation

See 205

[y

Ex. +3 + (#8) = +11

3+ (-8) = =5 ¢

=3+ (48) = +5

"3 4 (-8) = -11 rﬁ-_‘*” :
Do you seé any pattern for these sums?
OPERATIONS: SUBTRACTION

Basic concepts

A. Subtraction, a binary operation

Binary - See 0110 '
B. Subtraction developed from number line -
!'
¥ * )
85

R TN
. 5

2100

2110

2123




b ’
g | oy
&nteglers . * \\ .
_OPERATIONS: SUBTRACTION : . ‘i <
S . L |
” ) % .
Ex. +2 - (+3) = -1 \ ‘

Ex. *+2 - (=3) = +5 , ’

“0 . . .
: .
, . . } /_\‘
-~ . -
.

"3 -2 -1 0 +1 +2° +3 +4_+45 . 02

Subtracting a positive 3 o1 ‘the number line was " .
shown by movement to the left ,s0 subtracting a ™ . -
negative ‘3 must be shown by movement to the right
of the positive 2. . -

A second explanation is possible when subtraction :
is considered as finding the difference between two
numbers, or on the number line as finding distance
between two number points.

4
Y

. To’ find the difference between 3,and 8 on the number

. 1line we may ask, "How far is it(%rom 3 to 8?" or
‘., .think 8 - 3.= 5. We may think it.is 5 steps in. /
the positive direction from 3 to 8.

b3




‘ »
. ORERATIPNS: SUBTRACTION
o~

Ex. +2 - (6 = Wtg

8 steps

Lo
0 +1 +2 +3

-

To find thte distance from ~6, the knowh addend, to
+2, €1é%5un, move 8 ,steps from "6 to tZ in the pos-
itive direction showing the difference to be *8§.
. | ! ’ .
Note: The distance 4nd the direction are found in going
from the known addend (subtrahend) to the sum °
L " (minuend). , ’

-
{
L

.C. Subtr;ctioq developed from physical woprld situations

~ Ex.* If you had $7 and bought something for $10 yoy must
+ subtract 10 from 7 to find your financial st ding.

Your standing is +7. - (+10) = =3 or'you will be $3 . °

in debt. : ' - .

If you owed $5 and $Subtracted $2' of 'that debt, what
is your financial standing? Taking away a"debt is
equivalent to adding the money so you may think
Y5 - (C2).= "5+ (*2) = 73, You still owe $3.

N
L)

.

! Subtraction, the inverse of addition
o v, -y . .
' Inverse - See 0270 k .

[ -

£x., *5 - ("2) = *7 because ¥7 + (-2) = +5

Ex. 75 - (*2) = "7 because ~7 + (¥2) =-"5
f A ] , )

E. Role of zero in subtrdction . L.
ZIero is ‘the right idqﬁtity e]).ement for subtraction.
E"x 3-0=73 Lt o

Tty -0 =ty

’

1




Integers- ’
. OPERATIONS: ‘ SUBTRACTION "

y number subtracted from itself Ys zero.
° Exo -'3 - (-.3) =
n-n<o0

Any. number subtracted from zero results in the additive
inverse of that number

Ex, 0.~ (+3) = -3 .

o_-.(-3),='+3 if>' o S

F. c10$urej a property of subtraction

Closure - See 0140

. ~

G- Noncomutativyity, nonaésociativity of subtraction

Commutatiyity - See 0150
Associatjwity - See 0160

Ex. Noncommutativity

“2 - 75) 475 - (2) .
+ *3 . * I .
: T3¢ o \K\ .

Ex. -Nonassociativity

'

(*3 - 72) -5 ¢ +3 - (=2 - +5)
T I O R R e
‘ . 0 #ft10 \
Computation y _ )

Ex. =3- () = -7
Think "How far. is it from *4 to ~3 and in what

. direction?"; or_ think 3 - (*4) 1s equivalent
to "3 + (T4) = "7,

|
L _ : 58
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OPERATIONS: SUBTRACTION N “, )
' Lo Ex. 3 - (%4)="-7 \
’ l , =3- (4) = t1 l
n . +3 ._" Z-'-'l') = -1 IS - 1 - ."‘
/4 L -~ . . +3 - (-4) = +7 . r
/ ' . . | :
. OPERATTONS: MULTIPLICATION | oL
Basic coficepts L X |
’ A, Multiplicatiow, a binary ation ' / 2180
' , Binary - See 0110 ’ -
: C + |
: B. Multiplication developed fZ?m number line . ‘ 4 ‘ 2183
’. i . Ex. '_2 , “1’ ’é . o

"4 3 72 =1 o0 *t1 +2 +3 44

—

+y x o __._ +; (already known) . ) R

)
’

+ x (C2) = 74 (dram on the number line)
. , . L . t ) o .
. ’ =2 x (*2) = 74 (see 2200, multiplication is commutative)

-

Ex. A' /’/—‘Ti)}/;\\\. . : -

-~

"y - =3 =2 -1 0 +1-+2 +3 +4 Rt
O : "2 x (72) must be drawn in a direction opposite to
2 x (T2) and equal,s 4
C. Multiplicatioh developed from physical world situations ~ S 2185
E:é. If you have 2 x $4 what 18 your financial standing? ' ‘
C . +2 x (*:4) = +8, You have $&. ' ‘
Hby
Q {

| EBiqA i o ) . 59 | ‘ ’ . <“
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’ / Integers A | , :
' ' ! ' OPERATIONS: MULTIPLICATION
) . ' Ex. 1If you speﬁd $4 each week an& receive no additional
- . 'A . - funds what is yqur:financial standing after two weeks ,
o . T \~ have passed? +2 x (~4) '= -8./ You will have $8 less
, |- . = than you have now. |
‘ ‘ ' ‘ g
/ ; _ Ex. If you spend $4 each week whit| was your financial,
i ' standing two weeks ago? =2 -4) = +8. You had

$8 more two weeks ago than youlhave now if you
received no additional funds. \

| o
| N /AU Vo \
|

. 2190 -{ D. -Closure, a.property of mu]tipl\ication — S
i ‘!t S Closure - See 0140 \ ' \ ‘ o
v 2200 © R ‘Comnutatlthy, a property of mu1t1phcat1on -

Commutativity - See 0150 |

Ex, (73) x (*8) = (*8) x (~3) : S s
T : _ g

2210 ~ F. Associativity, a property of multiplication ) L

. Associlativity - See 0160

Exi. tT3 X +2) X +5 =_3 X\(+2 Ix +5) N . e
2 ’ 3 -6 X +5 = -3 X +10
‘ =30 = 730 ' [ ‘
2220 G. Oﬁe', the identity element. in multiplication

Identity element -~ See 0170 ,
Ex. T1x75="5x% "5

. +1x+5=+5§~t}=+5 f,

' Multiélying by *1 leaves the n bﬁ? (*5-or 75)
unchanged 7€\“
£




P o ’ , s .
b ' : , ~ Integers.,
OPERATIONS: MULTIPLI?JATI ON - - ’ ‘ " : -
{ w N
. H. Distributi 1ty, a proper,‘,y of multiplicatidn over add1t1on or -
subtra h ¢ w
. . Ex. Rewrite tHe examplle tol make the work eleier, and then
find the qorrect epla en‘lent for N. /
.' ’ - [ ’ :
- » (48 x ~25) % (C28\x 52) = ¥ o
<ot ~25 x (48|+ 52) =""2500
v~ ' ‘“‘ . A Y \ '
’ Computation . : . ‘
‘c,’ . ' k_;{ ,l
Ex. Iz 2o 2 -+ £
. X Xx 75 4 x 7§ -5 X e
—‘1—02%/ 10 / 16 10 s \
* . / V‘ﬁ . ., «
: . : What pat ern.xdo/ you see for these produdts?
/ . \ ‘ (\ ’ . L] 11
"OPERATIONS: DFVISION -

A. D1v1s1on a binary operat1 n’

' N . ! . - \
v . Bwncepts R \,j /- /
i

" Binary - See 6110, / ‘
. * - 0-‘ o
. J o .l’ [3 ) 6& 'o. ‘ . ¢
B. . Division developed from number tine i - /_’ °-
.. . ‘ '& e N
’ ' ’ . Ex" : - T - IF‘ Lo ‘r .
» _ 473 72 710 T e y
zw . g . - ] / '
'_ U If t'hL’ space from'0 to ~4 is divided by’2, what point
’ v SN L ) _ * -
ot ) ) . £s 'determined? +-121 = T72. °Then _g must determine point ~ )
" ’ +7, Check both/exﬁﬁles by mulg:iplying ) cot
Y P . ’ - t I
. C. }'Div1s‘1’on “developed’“From phxsicaliworw situations.
K7 . - . ! ’ . P

2295

¢

2240

2243

2245



Integers ’ .
]

OPERATIONS: JDIVISION Lo ‘ N |
o - ‘

/ Ex. The tempgrbture fell from “4 to =12 degrees in 2 hours.

| What waS“the average change per ha\\ .
DA +§= "4/

The temperature rose from lB to =2 in 3\hours. The ‘

temperature rose 6 degrees in 3 hours or

ig or 2 degrees per hour.

§ o~

. The jtemperature is zero (0%) now. Two hours ago (~2)
lt.was 8 degrees below zero (~8). What was the average
. ¢ ] /  change per hour? ' Coos

| - , ° '

|
D.| Division, the inverse of multiplication

/

N
N
or
o

- . » - . - N h‘ v
Ex. 10 _ *5 becaufe 15 'x =2 = —10 N ‘ »

-

( ~ 0 O +
) w5 = 5 because SQX 2

~10

—=5 = 5 because "2 x, ~5'= t10

« W
l » I PENISSEEES

hels 0 "one in di v1s1on y e
. '-»-—:,s.m ' _:4

Lo N s S
h.'b‘ - " B
e LY P y

.




: o
OPERATTONS: DIVISION : |

\ & Z !

. ‘ [N
| F. NﬁLélosure, nonc&mmutativfty,’nonassociativity of division 2260 -
|
|

In ! “
Closureé ' - See 0140 . ' |
Commutativity - See 0150, -
Associativity - See 0160 '

i
,\5 Ex. Nonclosure ! ‘

<

"3+ %2 a ;% (not an/ integer)

Ex. Noncommutativity / o

-g +21/# +2 : -8 . o ]
...4 *',-%

I
Ex. Nonassociativity

8

tay « Y2 4 -8+

]
&
1 rd
+
N
St

m2:tp =g s

TR ‘.

[

- Computation

R
td
N
N
~J
o

Ex. _Check =3 x +4 = -12

E

N
]I
=

E=J 1,8
]

™

."Check +3 x =4 = =12 ~4 ’

x - ' '
[Check =3 x =4 =12 ‘

;I;Z
)
G

<

2 I . ,

7 = If3  Check +3 x +4 = +12 - B
' ) )
Do yoylsee any pattern for these factors?

.
&~

d
[}
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/ Integers /

1

' OPERATIONS .

2310 Several operations in the same Tesso

- ‘ ¢
Note: " If one or two Operation P dominate, do not usZ
this -code. Code the operation$.

2320 , More than two properties ‘ |
Npte: If one or two properties predominate, do not use
is code. Code the properties

» . ‘
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Number Systems
Rational Numbers
\ .
" BASIC CONCEPTS -
Definition of a set of rationals [ - 2520

| . ) TOPIC I

Rational numbers are numbers which <an begexpressed as a //
ratio of two integers, %, where b cannot be 0. When either

aror b is negative the number|is a negative rational.

Ex. -‘% : a% Both fractions may be written as %u
Developed from number line ‘ : ' 2530
Ex.
- =2 -1 +1 2 *3 +5 +6 '

Absolute value

o
M 2535
(See 2040) 3 .
Ex. "_2_ L2 , ’ o .
3" 3

Exy |*1.43| = 1.43

Orderi N ) : 2540
See 2030)- B

’ \

Ex.\ Graph the following rational numbers on a number line:

\ \




Rational Numbers
BASIC CONCEPTS

!
N
Njw o+
(=]
rojon

N
Ex. Which fraction names/tt/xg greater number, 3 or -5-?
- “h_T20 3 _Tm L
7 35 57 55

ine—-2-9->-2—]= ---li>-.é
sincé 3§ > 33 77 5

%

14

. Ex. Order the numbers named: —-;—', 171 33., %r., 1

1 1 1 1
Ansver: 2<3<4f5<6<5

-

Properties -
This code should be used for all properties of the set of
rational numbers. This includes closure, commutativity,
associativity, etc. )

COMPUF’ATIOAf

Addition
\ y

Ex. Find the sum of 5 and —. \&(
3

" Ex. Find the sum and express in lowest terms: "15% + +2-§

s
~

66




&

COMPUTATION

. Subtraction

#

~ Ex, Find the difference:

LY

Ex. Find the difference: +3 _

Mutiglication

, « -
/ Ex. Multiply:
.. Ex Multiply: —2.13 x 1.7
/o Lo . . .

Division * ° o
oy
Ex. Divide:u (T14) = ( 7ﬁ

-

’ h —4 S ..2.
. Divide: 5 ° 7

e

\.‘

Sequential operations - .
- s “

ii)

2 Answer: 6

ek, (185 9.
Ex. (5‘.- 35)i<(

Ex. (710.0956 + “4.7) : X0.4)  Answei: 5.37

N

Several operations in the same ]essop ., , '

-
AR

Note: 1If one or ‘two operations predominate, do not usé
this code. Code the operations. . ‘

Y hd .
~ * . ,

’




| TOPI¢ I: Number Systerﬁs

. Natyral Numbers

S N : if j
. 2730 Relation to set of whole numbers, onnega,,{:ive rationals, integers,

negative rationals

. /,/// * - N.=T11, 2, 3, .-} set offnatural numbers // A
; W= {0, 1, 2, ++-} set of whole numbers
I=

| .
{++¢, "2, "1, O, +y +2’ +3’ eee} )

’ : Nonnégaqive rationals are such fractions as

4 . .0 v
\ %s '2]'.‘:‘ %s ’]:Sgs"g" _9‘s etc.

)

Negative rationals are such fractions as

. %10 "2 -6
'—3-, g_, , g, etc.

BRN
subsets of the set of integers.
The set of nonnegative rational numbers and the set of

negatyive rational numbers aré subsets of the set of rational
numbeXM, ’ :

. !
L ) ' ’ " The set of natural numbers and the set of whole numbers are
\
|

. LN
nal nymbers are’ a subset of the set of real numbers.

numbers are a subset of the set of complex numbers.

\ » 4 »
* * v

JERIC . | o8
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™ ) -,
TP— . A = .
L TSS—— . L
~ -. B —~ . > - -
D Natural Numbers C (Natural zc&vmum \J Zero) C 1Integers ( Rationals (C Reals (_ Complex Numbers ~
PN - . T /./PW!. T T - ! * -
. . " " Wholée Numbers ’ ’ : ’ - : ’
———
ol./. .-
$ A . . ’
. :,v.lo-' L . .
o . . . y Fy ¢ \3
.- «Sa
. LN L . b
. . ! ~ N - _ a
.. Natural Numbers . ' - ’
;. .« (positive integers) ° : ‘ : .
’ Zeyo ~~  Integers . ) -
—~——_ Negatiye Integers . and Co . : .
—~ = . Fractional Numbers Rationals “
. ‘ (positive and and Reals .
<. <0 . negative) .3 Irrationals- and
N " Imaginary Complex
Numbers Numbers
. N =




TOPIC I: |
Number Systems ~ _— \
Real Numbers / - . - .

BASIC CONCEPTS
" 5750 . Irratwna] _numbers deve]oped as nonrepeating decma]s
A nontetminating, nonrepeating decimal represents an
irrational- numbefT——¥he~numeral may or' may not havera -
. systematic pattern. .

. Ex. 1) 0 101001000100001.~~ ‘

et 2) 0. 1235678010002 - _ /

ten eleven  twélve

3 V2= 141428, - -

Examples 1 and 2 have systematic patterns example 3 ‘o
does not. .

2760 * Rational approximations ' .-
(See 2870) . : :
Ex. V2 is between 1 d,2
/2 1is between 1.4 and 1.5 ) ow
/Z 1is between 1.41 and 1242 ' /
V87 is between 9 and 10 ° . . )

Ex. Using a table of 3ﬂgere roots, find a decimal . .
approxination to V43. : '

L

Ex. = % 3:14 or Z%- c

0 7’9 _



A

V. " Real Numbers .

4 - L
BASIC CONCE?TS .
(33 T ? ¢ . .
The Pythagorean theorem; construction of line segments with_ : 2770
irrational numbers as their lengths - h Ce . o
~ (See 5320, 7155) ~ . | ,

Ex. An isosceles right triangle with legs.of dnit'length,3
has a hypotenuse equal to /2, - .

R ‘ 1 - B \ ‘l ' , )

Py

[ Ex. .
; / E .
% |
* ¢ e ‘a t
’ ‘X ) ~ -
—_ .
- Since 12 +22=14+4=5 A L
_ - - . . .-’ . NH
. R
Density ' - - 2780
(See 1100) - ... e , s N s
) . Con ; 7 Lo \‘
The set of real numbers is dense. Tha is, between any two ‘
real numbers there.is+always another eal number. o .
. Ex. Given any two real numbers, g afd b, a < b, the real
. ' . Lo, s ,
) number g_-_;-__b is such that a < _a__;-_b; < b. g
B . . . (\ ‘ » ] z
n The number line; completeness i - 2790
/_\/ 'y . . . . - ~ . '
’ o, There is a_oné-to-one correspondence between the set ?f‘real - ,
{ numbers and the get. of points on the number line; i:e.y s
. ’ there is exactly one real number corresponding to any given

point on the number 1line,.and every real number is a coordi-

, {r nate of sowe point on the number line. Because of this one-
to-one correspondence, we say that the set of reasxnunmers N

1s complete. , . : /




2810

2830 .
H \

[

" BASIC CONCEPTS

_ Special irrational numbers: =, e

Real ‘Numbers

(ftheY properties ’ ,

Ex. For positive numbers g and b, A
Ya x Vb= Vab

2‘/5::2 &
b b

!

If ¢ is the circuﬁference and'd the diagmeter of a circle
< . [

“a then the ratio % is the same for all circles. This special

number is called # (pi). = isw-an irratioéal number.

Rational number& often uséd as approximations to w are

' 's

'*3 1416, 3.14“3 14, 7 S

2 - v . K

7 is the’ only Special irratio%al numbei likely to be
'; encountered in textbooks for grades,K-8. 6 Another special
| irrationg] number is e which is. approximately 2.718. It
.| 1is the basg of the system of natural 1logarithms.

= R

1 " . '
COMPUTATION . e . —~

< [ . /
Addition :

-

. Ex. (3+/§)+_(‘r§¥ﬁ)¥“z+zli

Subtpaction S e ¢ .
Ex/. B+72) - (G5-V2)="242V2
Multiplication/ )

Ex. (3+'/2_)(2\,-/§)‘=6-3?/§+2/_-/€7 Yy

NS



Py
0 b / .
A o
' ' Real Numbers
. ‘. % o
/ T ,
COMPUTATION _ _ .
| Division ' SR “w - N 2860
' ¥~
- a3 Y2.3/2 \ g :
R Bx. 3:V2e=gp.ndy
d )
/ Powers and roots ' g S 2870~
' (See 2760, 0700) . ' ' '
. - . : v
Ex. Find /91 to the tenths place. Answer: 9.5 ) .
I Ex. Find an approximat:ron to the nearest hundredth of
3 ~ ¥623. Answer: 24,96 . .
L T ) Use this code when computing roots. If the relationship
- between rational and irrational /numbers is being stressed,
code 2760. C
Sequential -operations , 2880
« A
/ -
\ " Ty .
o1ty ‘\’ .« , .
) . : ; ! | . ’, ‘ ‘ ~ «
~ LN I Q\J f% ' Y o'~
A . N L] . ©
* , ‘ I3 ) -
v ~ ¢
- {
r ~ ‘.
1 B . ' ' ] N .
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“TOPIC I
Number Systems .

“

Compleii Numbers

hd
s
v
N A}

’

2910 -Development .
) . Complex. numbers are numbers of the forms aq + bi where. ¢ and
b are real numbers and 7 has the property that 2 = ~1. They
are often written as an, ordered pair (a, b). .
2920 Computation
o Ex. (3+3%)+ (7-4)210+74 :
£ i
! ) Ex. (3420 (5+44) =15+ 224 +82 . '
e \f =15+22{ -8 ' '\ - o
. . =7+22¢- ) ‘ . “\
. }
o f e -
. ‘ M ." ’ a ! :.k
. - . - . (. 1Y R 'v
N ) ‘ ’ '
, -
\ N
\ . , { .
hd -4
- ~ \,{""'*\
y % .

o



' S VU U
‘ '5=10:,'100\-
. \?; \\!

o

"3

N - \-‘”_ b :, * v B ‘/(f ' h
: ’ . a /.
\ ' 7 S % . / ot
2 / ARERS
8 A
/ ) Numeration and Notation
; >, ! . C
g “ ' R |
. . , , \
S ANS, - |- -
/ : P
Difference betwéen number and pumeral ° | ‘ '
. . 1
L . A.number is the B‘mpertv shared by col‘lectiop‘ of matched
i sets, as 2 is the cardipal number .of the séts {¥aJ} and
{4, B}.  Numerals are the names for numbers: 5, V,
/"\ ett. ‘A number is an id¢a, ¥® abstrgct and cannot be* written
or seen~ A numeral is symboZ for the numbe/r, is concrete
“, and can be written an eh. ‘ “ .
. K ’ . |
Different numerals for the s me numbLar (ren m'ng)
¢ A. Expanded notation for whale numbers *
¥ (See 0200, 0210, 0227 \0229 03/30 3070, 3080)
! e .o
Expanded notation is n4tation sing u‘merals showing the
place ‘value of each digit. P
’ . \‘ ‘ i' ! . =
> Ex. 874 = ;yf?m LTI v
, 875’: himdre?s + f tenT + 4 oneé.. oo
’ d ( TR ) .
Polynomial form s I ’
’. o L e ’
, (8 x 200) + (7 |« f0)+ (4 xT) ,
. . , «
. r -
] . .l’ “l
(8 x 10?) ~(7L101)+ 4 x 100) - :
. ! L : _
T . . -~
B. Expanded notapi on for nonnegative rationgds (fractions)’
’ . s )
PR » 1 - _]: * . v
Ex. 35 3+ 7 N
Vi35 = .34 .05 :

-




- ' -~ Pl
Numeration and Notation

.35 - [(3x;\4+<5xﬂl§z>.}

C 56.63.2 50 + 6 + .6 + .03
: . )
56.63=[(5x10)+(6x1)+(6>5113)+(3

. ’

®. Equivalent common fraction notation

D. Equivalent mixed numeral notation

3.7 113 1 _,2 ‘
: Ex.ely=9 553,35
/ . <
L . .
' [
v )
w5 76
\ &)

100

-y

(See 1060)
E. P
\x 0 1 ® 2
A 1 2 4, 5 6 7. 8
v, 404 (?13"/\"1_ 4 1 7T 7
t i
- o
; i |
. i ] !
o ! 1 2 -
- K ! . - .
o X234 6 89
L 8888 B 88 (
AN t
I W f\ Ty :
€ o !
Jt : 1
!
"2:4 8 E%l
16 16 16 16\16
. ’ ~
. " The fraﬁion (ﬁumerél)%may be renamed as g%
1 may - 234 5 6°
y may be renamed s 7% 0 107 1zr
4 8 16
| One b d as T etc.
L3 ’\
\

-

~7

“y
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»

' _ Numeration and Notation

E. Equivalent decimat fraction notation with terminating decimals 3030
A terminating decimal has a finite numbe; of digits. J
Ex. .75 = -13; °
3. 538
g8 1000 . <
v
1_
773 -
1_
, 33 =235 \
. . . .
N . » '
F. Equivalent decimal notation with repeating decimals ) 3033
A repeating decimal numeral has an initial pattern of digits
followed by a continuous repetition of a single digit or a
pattern of digits. v - )
Ex. == .1666 2 = 4166 1. 142857142857 :
.x.. 6_., ....’12... cee 7_. cee ;
: S )
G.” Equivalent per cent notation: ’ 3035
' (See’ 8004) :
' - " _.2_5_ - ,.]:.
' Ex. 25,4 = ,25 = 100 :‘ 4 .
/I
B 2o - wk %
1 -
Ex. 2.5 =25 = 250%
. )
\ B Pl .
H., Other names for-a number * . 3040
R3 (Seejww, 1060) _

Use this céﬁe largely for other names for natural numbers,
whole numbers or integers. Use 3020, 3025, 3030, 3033 and
3035 for other names for rational numbers. '

»

Use when not classiffed in 3010-3035. .

[T




J
Numeration and Notation \

If the purpose of the lesson is the development of basic
facts; do not code 3040.

Ex. Some other names for 6 are:

2 x3 12 + 2 .
2+ 4 14144
7-1 % of 12

Place value in base ten
3050 ‘A, Reading and/or writiné numerals

Ex. Have the children write the numeral in the a:l.r, then
trace the dotted numeral in the book.

3060 B. One dié{t numerals
‘ . (See 0020, 0Q20)
X%
Ex. 'What is the largest number (base ten) that can be
expressed with a one digit numeral?" o

]

3070 C. Two digit numerals
(See 0035, 3010)

Ex'.\ 12 means 1 -ten and 2 ones.

Use code 3070 when place value is being emphasized.

103 means 1 hundred, no tens, and 3 ones.

Usefcode 3080 when place value is being emphasized.

/3090 *E. Commas to sepakate into périods




Numeration and Notation

Ex.
(/]
-2 &
& & @
4 3 382
— Q - O
.8 § 8§ .
(—\/—\/—\ L}
3, 210, 000
F. Rounding numbers ’ . 3100
(See 8150) | :

Ex. * 37 rounded to the nearest 10 is 40;
673 rounded to the nearest 100 is 700.
428 rounded to the nearest 100 is 400. '

35 may be rounded to the hearest 10 as 30 or 40. The
text used will determine the policy. A

G. Decimal fractions : N , 3110
Decimal fractions may/be considered another way of naming
rational numbers which in fraction form have some power of

10 as a denominator.’

7 " 23

Fx: 0= 7 Tooo = +023 ) »
Ex. +eel 2 3 . 4 5 6 7 .8+ ‘ [
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Numeration and Notation _ ‘

3120 H. Exponential notation -

(See 0520, 0670, 0700) . !

Exponential notation is notation using numerals which have
exponeniié small numerals written to the right and above

a base .mumeral. An exponent may be either positive or
negative. It may be a fraction or zero.

Ex.. 874 = (8 x'10%) + (7 x 10!) + (4 x 109)
=,(8x10x10)+(7x10)+(4x1)
&
; Ex. 3%=3x3x3x3
) 2 1 1 i
Ex. 372 =55 = ‘_'S Y
B 32 3 X [
| : )
‘ 2.2 2 2
Also code such examplés as (g) =g x3
Use code 3120 when notation of exponents is developed.
Operation’s with expementialnotatiomarecoded 0520,
0670. .
' o oy
3130 - I.” Scientific notation T B
r Scientific notation is of the form 2.69 x 103. For any
: * mumeral the decimal point is placed immediately to the
right of the first nonzero digit and the number is then
multiplied by the integral power of 10 that would have
the effect of shifting the decimal point to its original
position. Y
\
2¥ is written in scientific notatiol as 2.5 x 10!
236 = 2.36 x 102
Ex. \.p00236 =-2.36 x 10~% '
3140 Historical development of number concepts

In primitive times man may have noted the number of animals
he killed by dropping a stone on a pile or making a mark for
each on a rock realizing that he hgg,dbre than one animal and

. B . v




Numeration and Notation -

later realizing that he needed.names for this counting.

(See any history,of mathematics text for detailed *
development.) .

1

Historical systems of notation
(See 3160). . .

A. Egyptian

Ex. in Egyptian symbols means 100 in Hindu-Arabic symbols.
: y1

-
L 4
B 12 .

B. Roman

Ex. XV in Roman numerals means 15 in Hindu-Arabic symbols. ’
!

C. Other A 5

This includes Babylgnian, Mayan, Greeﬁ systems

Ex. /// often marked on the rocks or sand means 3 in Hindu-
Arabic’ symbols). . ’

H

[

Nondecimal place value/systems (other number bases)
(See 3150)

»

A. Development of place value—other number bases

>

Nondecimal place valy€ n eration systems are' built on bases
other than 10 but sfill ufe place value.

Ex. 413 or 413 (basé five) means
_ five )
o (x5 + (1 x5 + (3 x50,
‘Ex. 413eight or 413 (base‘eight) means
(4 x 82) +'(1 x 81) +7(3 x 8%).

Ex. 413 in any base five or larger means
4 x base? + 1 x base! + 3 x basel.

Note: Since 4 ﬂs used in the numeral the base must be
at least as large as five.

. i
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Numeration‘ and Notation

B. Expanded notation

‘Ex. Write the cdmpact base-seven numeral for
Wx TN+ x7)+ GxT2)+ 3x7)+2

'S

Ex. Write a base-seven name for 6 sets of seven and 4

!
Answer: 64
. 8
. 7 Ex. 53 = 40
. seve

C;//ﬁgnversioh
Ex

« Write the base-ten numeral

.312fbur

il

A}
u

= 54

Answer;: 16432

even

geven

*

seven

48 + 4 + 2

Ex. - Write 54 in base four

4)54
4)13 'R2
3 R
* L 4
54 = 312
B four

3 W6+ 4+ 2

Ex. Write 3075 in base eight

8l =g

82 = 64

83 = 5126/
. 8% = 409

P b

A

|
i

3 (42) + 1 (4) +:2

for 312

L

1

four

/
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DO

.

3

EO

512Y3075 (6

6003

3075 = 6003, .

L

Computation

Base seven

41 6
+ 24 X 5
65 42

Y

N .

Numeration and Notation

Computationsvare sometimes done by working with or without

a table.

, the answer converted to the required base.

Fractions .

* Ex.

a8

W

.

In base ten .23 represents

‘ 5 -
Ex. In base four .23 represents 7 + '23;262? 7+

24

3.2 3
102 © 10 T 100°
2 3
16°
i
- - ¢
A

Sometimes the problem is converted to base ten and

.

————.

<

3168

3171



oPcm .
AN Sefs |

LI )
3994 -« Description of sets o -

A set is a well-defined collection; that is, one is able
. to tell whether an object is a distinct member of the‘sgt.

Y : .
A set 1is wsually indicated by braces {xx} or closed curves

~

A . >
~ * _
* ~

Ex. Physical objects - a set of dishes

N a set of dominces
. ' |
Abstract - the set of whole numbers
4000 - °  Set members or elements
Members - each object in the set "(collection) is a member
or element of the set,
Ex. The|set -{D O A | l}- has 4 members or
N . ele nts
" Th squaré%tcircle, triangle, rectangle are elemerts of
*  the set. ¥ :
i d i
In the set {6 7, 8, 9} each number is a member of an
‘ element of the set. ﬁb
i . ‘! -
KINDS OF SETSI o
4010 Equivalent sets (one-to-one correspondence)
’(See 0050, 0060, 0100) . . ,
] Equivalent sets have the same number of members but not
. A . necessarily the identical members. Meémbers of equivalent
. o .,sets can bg paired in one-to-one. correspondence.
. *

84

9

[

‘3
2

'

T
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s

Ex. {j ‘7 ej% <:::> }_ ‘ ‘ e - '

{DOO}

A and B are equivalent sets since each. has 3{elements

e

T since fhe elements can be .shown in one-to-one
correspongdence.

Vi -

!

Non-equ1va1ent sets, (general) - . L -,

(See 0100) SN _ '

Non-equivalent sets do not have*the same number of members
and ¢annot be paired in one-to-one correspondence.

B {7 Ofane{ M O Jare not
equf:j}ent sets. :

Non- equ1va1ent sets (one to- many correspondence)

AR

EouaI sets (identical)

~ Y

Ex. 1If one nickel will‘buy 3 pieces of candy, tnen two
+ mnickels will buy 6 pieces’ of candy,: etc.

® @
EhY dha gon}

If the drawing one element from the set of nickels is
matched with three elements from the set of pieces of
candy.

hl
-~

v

Equel sets hdve exactly the same membérs.- They will then
have the.same number of members and are therefore‘also
equivalent.

. Ex. {L__] OA}and{O % D}are equal sgets

since the members or elements are identical though
not shown in the same order. '

3

-

4030

4035

4037




Sets 77 =
4040 JUnequ‘a] sets

I ! .
Unequal sets do not the identical members or elements b
tHough they may have the same number of elements in
which case they are equivalent sets,

ot

Ex. See 4010

- {D O A}and{o ya O}are unequal since °

. ””’“ﬂﬂﬂ--—‘“mj‘\ elements are not identical.
{1,%,3,4,5} and {12,3,4,5} are unequal. .
- 4060 Subsets ' ’ . | e
(See 0250, 0540) . )
If each member of set B is a member of auset &, we say that
B is a subset of A. . . .
\ Ex. A = Set of all pupilgr bsys and g¥;gs, in.thé room
. B = Set of all boysyi; the r;Zm ‘ .
. ‘ . B is a subset of A since all the boys belong to the set

of all the pupils/ ' o )

‘Ex. N = {2,4,6}. The subsets of N are {2}; {4}; {6}; {2,4};
{2,6}; {4,6}; { }; {2,4,6}. The symbql used to indi-
L/% cate a subset isC . B (C A is read B is a subset of A, «

< - »
Note: A subset may be removed from a set. See 0250.
2 L A set may be partitioned into equivalent subsets

s ) (See 0540) or non-equivalent subsets.
“~4070 The empty set ‘ . .
(See 0020) ' i =
* L - N <
. ‘ " The empty set has no members or elements. The set of
o~ . students with four legs is an empty set. The cardinal

- ~ for the empty set.  The empty selt is a subset pHf every
set .
. ’

» 1
.

number of the empty set is zero. ’{ } is one/zymbol

Q ‘ . | g .
ERIC - o
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’ '

ANB=1{ } - .
o ‘ ‘
Ex. C={1,3,0} D= {7,4) ~ 3

. ‘o
v-A{OO) »-{AET) amesan

J~Cﬂ~,D={.}or¢l J‘; - ' . »

Union of 'sets . ' y . g;
(See 0120) , \ : !

of'f\ll elements belonging t either of the two sets or to
both of them. Elements co
when naming the set union.

Ex. A= {1,3,5} B=

Intersection of sets :

The intersection of or more sets|, denoted by. the symbol

. ﬂ , 18 the set of elements common to both or all sets.
N -
Ex. IfA={1357} andB-{S 7,9,11} then A and B are
~intersecting sets., '

AﬂB = {5,7}; read A intersection l}, is the set {5, 7}
‘where. 5 and 7 are the elements common to both sets.

»

“Venn diagrams
(See 8185) -

Venn diagrams 4re diagrams which use overlapping or -inter-
secting circles to show relationships between sets.

{

LAY
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Sets X S Coe \\\
g ‘ . ' -
Ex. A / B .
Joo )
S
/ Io ‘
/
A= {1,2,3,4,5} . B = {2,4,6,8,10}
A ANB={2,4} The shaded areioéhows the intersection. |

Use 4097 only if Venn diagrams are identified by the

authors., | ) .
[4

For use of Venn diagrams’' in¥logic, code 8135,

2 e

4100 - Finite sets ' -
[N “ .
- 3
Finite sets are sets whig¢h can be defined by gounting, with,
the counting coming to an end. There is a whole number that
identifies. the nimber of membexs.

Ex. A = {2,4,6} all the members are identified.
A .

. : <+ »
B'= {2,4,6,...,20} is a finite set since all the members
car be identified by counting. :

: S

4110 - Infinite sets

Infinite sets are those which cannot be named by counting,
with the counting coming to an end.
~J -
Ex.’ {1,2,3,4,---}‘ The set of natural numbers ‘is an
¥ . 1infinite set.
Q L

The three dots indicate that the set is infinite ang
P =« that you may write other elements which continue the
pattern indefinitely. '

- 4 d
4120 Universal set, difference and somplement
. A universal set is the set containing all elements under
. consideration and is, usually designabjd by U.
! 13
2 ;' \ -
» (‘)
: ¥/ 88 ¢ > L




. Sets

Ex. U =‘'{all states in the U.S.}

A = {Iowa, Minnesota, New York} A is a subset of U.

The set difference of A and B (denoted by A/B or A - B)f
is the set of elements that are in A but not in B.

Ex. A = {January, February, March} .
‘B = {March, April, May, June}
A - B = {January, February}

B-A= {April, May, June!l

Ex.

- A - B is represented by the shaded portion of the
diagram. /

-

If U is the universe under consideration, and A any subset

of U, then the Bet composed of all the elements of U that

are not in A is called the complement of A, and is usually
¢ designated by A'.

BEx. If U‘represents all the pupils in-a room and A repre~
_sents all the pupils with blue eyes, then the set -

complement of set A is A' or all the pupils who do

do not have blue eyes.

Solution sets and replacement sets
(See 8170)

The set of elements whichk when used to replace the variable(s)
in an open sentence make it a true sentence, or the set of all
numbers that are solutions for a number sentence, is called a
solution set.




4160

Ex. 3 xn > 60. The solution set for n, an integer, is
{21,22,23,.++}

If A= {x|x>5} in the universe of whole numbers, then
the solution get § = {6,7,8,+++}

Cartesian product sets (cross products)

(See 0390)

The Cartesian product of A and B is the set of all pairs
of elements from set A and set B such that the first-
element in the pair is from set A and the second from
set B. . .

Ex. A= {x,y}, B={1,2,3}. The product set is
{(x, 1), (x 2), (x, 3) '(y’l)) (Y,Z), (Y,3)} The
number of pairs in the product set is the cardinal
number of the Cartesian product. In this case it
is 6. -

Note: See 0390 for use with introduction of multiplication
of whole numbers.

99
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- . TOPIC IV: o
. . ' Geometry E

INTUITIVE CONCEPTS OF GEOMETRIC FIGURES AND IDEAS -
Geometric figures in environment ‘ 5010

Shapes such as circles, squares and triangles become
familiar through pictures or' objects seen in the room,
on trips, at home.

Note; - Use this code in introductory lessons on geonftric
~ figures if a variety of familiar shapes is used.

Geometric designs or patterns (sequences) - ' 5020

Ex. [ }FO{F-O—2—2
Continue the pattern.

\

Spatial relations without measurement (size, position, betweenness) 5030

Ex. Mark an x on the larger ball.
Mark an &£ on the largest ball.
Mark an x above (below) the doll.
Mark an & to the left (right) of the doll. ) -

~

Two dimensional figures (plane) ‘ . ‘5040

N\
Plane figures are two dimensional.
‘Ex. Some models of plane figures are the surfaces of floors,
window panes and doors.

Three dimensional figures (solid) ' ‘ _ 5050

Figures in space are three dimensional.

»

Ex. Some models of three dimensional figures are a cereal
box, a tin can and an ice eream cone.

-~




. - Geometry

5060 Curves: simple, non-simple;'closed, open '
; (See 5174) - \ : ,8

’ A
A simple curve can be traced without passing through any-
point twice. Uf

-~
[
]

y be thought of as a set
of points represented by

- \
A closed. curve is undefined but
a draw{n beginning and ending at
the same point. \ .

Line segments arel?onside%;d to be curves.
Ex. Pictures of curves:
i

\

, \

N R G

AT simple, open

C. simple, open , D. simple, 6pen

—

. E. simple, closed 1 F. non-gimple, open

! /
; |
s i

zf:::i} ‘ \
..

° )
G. simple, closed H. non-simple, open

‘




Geometry

/

Regions formed by simple closed curves 5070
A mathematical region is a particular multipoint space get o L.
in which any two points can be connected by a continuous .

curve without passing through any .point-which is not in the
particular multipoint space set. !

¢

A simple closed curve separates the plane into three sets
of points: .

All points outside the curve (exterior region)
All points inside the curve (interior region).
All points of the curve itself (sometimes called

the boundary). 'The boundary has no points @ :
. . common with either its interior or exterior\regions.

A region is closed if it contains all of its boundary points.

e A region is open if it contains none of its boundary points. e
A region is neither open nor closed if it contains at least
one but not all of its boundary points.

Simple closed surfaces . : : 5075
" oA simple closed surface can be thought of as the space counter-'.
part of a simple closed curve. & ‘.
"Examples of simple closed surfaces are spheres, polyhedrons, . b g
cylinders. *
Representations of point, 1ine, plane, space . 5080

A point is a concept which, like a number, exists only in
the mind. As a numeral represents a number, a dot (.)
Tepresents a.point. The tip of a pen or the sharp end of
.the lead in a pencil would suggest a point.

, 4 : P A line is a set of points extending
infinitely in opposite directionms.

Ex. The intersections' of walls and a ceiiiné suggest lines
, although they do not go on infinitely far.

b4

.A flat surface sdggests a plane. The
- .. set of points in a plane extends infinitely
- + in all directions. )

PRSI

«»




Geometry

‘Ex. Some things in the roon which suggest a plane are a )
desk top? floor, walls or any flat surface.

Space is the set of all points. A book, ball or box of

dominoes suggest space figures (three dimensional figures).

5081 ‘Optical illusions . \

CONCEPIS OF GEOMETRIC FIGURES AND IDEAS EXPLORED IN DEPTH
5090 ' Point

A point is undefined. It has no measure. It is a zero
dimensional concept. The intersection of two lines is a
point. Between any two distinct points in space there
. is always another: point,

5100 .~ . Line - . , ﬁ L
A line is undefined. It is a one dimensional concept. Its
measure is lerdgth. Every point on a line is between two
. < " - other points. For any two points there is only one line
, ' which contains both of them. Two distinct lines intersect
* in at most one point. ‘

3 . - )

. #5101 . Line se?gentsso ' . .
o ee

.

’ A line segment is the union of two points on a line and all -
the points on the line between them.-
4
" "Ex. Pictures of line segments:

The line'segment [consists of point A, point B and all
points between tHem. A and B aré called the endpoints
of the line se t.

Note: A half on n line segment is.the union of the
points betyeen A and B-and/one of the endpoints.




. ' Geometry
\ .
An open line segment is the set of all points

betweén two given points. (It does not contain

_the given points. )
4 .

-
A B

Ray

A ray is defined as an infinite set of points (a subset of
a line) with only ané endpoint. A second point in the ray
helps to name it. A half-line may be thought of as a ray
without its endpoint. .

A ray is the union of a half-line and an endpoint. . -

A B ‘
Ex. "’ - This picture represents a ray.
(Note solid dot at A.)
- B * ,
Ex. Ke; -— > This picture represents a half-

line. (Note open dot at A.)

Related 1ines: intersecting, parallel, skew, oblique, ...

Lines drawn through a common point are called intersecting
lines.

‘ Zl and 12/}re intersecting

“lines thqéught péint P.
How many lines can inter-
sect -at point P? - (Anm.
infinite ﬂumber,)-

Parallel lines are 1ine8 in the same plane having no points -
in common. Their intersectiOn is the empty set. . - .

Ex. ~ Two rails of a railroad track suggest parallel lineg. /-

Skew lines are lines that have no point in common and do
not lie in the same plane. ’

[

510

5105

L




5115

Geometry ' ' S

Ex. A string stretched acfoés.the floor and*a string
stretched by two pupils at waist height so that it

is not parallel to the first string represent skew
lines. !

leique lines are two lines in a plane which are neither
parallel nor- perpendicular.” They intersect to form paits
of obtuse angles and pairs of dcute angles

Ex.

Aﬁg]es

‘An angle is the union of two noncollinear rays with a common
endpoint.

. i 'ﬂﬂ."-’.»"%
- ~ et L
PO

P )
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ro e . S Geometry

+  Kinds of angles . ‘ i . 5125
‘ A right angle is an angle whose degree measure is 9Q.‘ ‘
. ’ - - ,“ 3 -
. l - Ex., o
. A . -
90°
- : B B C
~, . . ! ” N , . N ) ‘ , . LAY
A An acute angle is an angle whose degree measure ‘ig greater’ *
' ' o than O and less than 90.” .
N . . ! .
J . Lok ‘ * ’
- + . \) Ex:. . .;/A/: . . ’ . . -
- . . . B . "‘; ! u" R ) . . v ‘
) . c, X . \
. g z’/\. " ') . v 4 4 - ) . —N
— ) ) .- - i
~ ' . . "
An obtuse angZe is one whose degree measure is. - greater than BT
90 and less than 180. ; ) ) . ﬁ
- Ex. N ' c 1
v . ¢ c \ ‘
l - - aaud ) . . - ¥ ‘
‘ y R T |
- . ~ w--»‘w"' ¢ .;,; . e e - . Lo T
arhy M v
. ¥ Regwns formed by ang]es 5140
' S '“} An angle 8eparates a plane into three ‘distinct sets of
‘ : points. ‘ v . . .
- . the set of points between the rays (interior region), ‘ -
i . ‘ the set ef points .f the angle (bbund&ry).

? »




Geometry
: ’ 1\ X \“\\\\‘_- -~
Ex. or | ‘ \ \,/_/yf,
~ ; exterd W\ W2 =7~
W W o=l senar
>\ L iR T T e T
/) -—-—-—:\.—-——~‘——"":—=_—__:. e _—

, /

Code regions formed by open Jurves here, except see 5510.
" for regions formed by a line.

. ’ See also 5070, 5510.

5143 P]an@s ' K

Every plahe contains at least three points not in a straight
} ine (not collinear). A plane is a surface such that a
stxaight line joining any two of its points lies entirely in
- . the stirface. A plane is a flat surface. The intersection
. . of two planes i5 a line. An unlimited number of ‘planes can
/ ‘ pass through a line determined by two points. A plane figure
has two dimensions, length and width. )

- o,
/ » . ® N . . ’

Po]ygons (plane ngures)

’

~ /5145 ’ .A. General properhes of polygons
A polygdn is a simple closed curve (see 5060) formed by the -
union of line segments. ;
Use this code for thé properties of polygons in general, such
as number of vertices,’ number of diagonals or when morekthan
two types of polygons are considered in the same lesson.

'
2

5

\ *

5148 % Re]atwnsmp of ang]es or sides of a po]ygon ‘ , -

Ex. The sum ‘of the degree measure of the angles of a
' triangle is 180.

v

Ex. The.sunm of the lengths of any two sides of a triangle
is greater than the length of the remaining side.

Aar o

/ . . R
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Geometty
Ex. The 1ongest side of a triangle'is opposite the greatest
angle.

Note: The Pythagorean theorem and its use should be coded )
5320 or 2770. ’

.C. Triangles - o o # 5150
’ ) . See 5280 and 5290 for perimeter and area.

A triangle 1is a polygon of three sides.

A

An equilateral triangle is a triangle whose three sides
are equal in length (or measure).

“. - An igosceles triangle is a triangle with at least two . I
sides equal in measure. o '

fSQ‘G,‘& &agrz, = o .

A scalene triangle is a triangle with no two sides equal

in measure. . s -
A right triangle is a triangle +‘ha ‘ng ohe ‘angle Whoge-wr-opx " """ e
. . - degree measure is 90, . LA e
@ s v T ' '// @
g D. Quadrilaterals . ‘ 5160
- ' I
- Quadrilaterals are polygons having four sides.
. (
. A pargllelogram is a quadrilateral with both pairs
opposite sides parallel: .

7 Ex. ¢

A rectangle is a parallelogram with one right angle (and
therefore with four right angles),

‘ square is a rectangle with two adjacent sides equal in
\beasure (and therefore with all four sides equal in measure).

1 v r N

’ «

a8 L
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Geometry . .. . . _—

A rhombus is a parallelogram with two adjacent sidea equal
¢ in measure (and therefore with all four sides equal in -~

measg;g)
v ’ N .

Ex.

&

A trapezozd is a quadrilateral with one and only one pair of
parallel gides. - .

Ex. ’ ) N ' ‘ >

E. Other polygors S
A pentagon 1s a polygon with Eive sides. o

A hexagon is a polygon with six sides. '

An octdgon is a polygon with eight sides.

- J ‘ " -" .

Topologital concepts '
(See '5060)

\
1

Use this code for intensive work with curves, the Mﬁbius
strip, Euler's ,rule for the edges, vertices and faces of
"simple closed surfapes and other topics -from topology.

Circles . Do : ‘ .

A cirgle is a.set of all points in a plane which are a given
distance (radius)- from a given point called the center of,
the cirele.

(

k4

v
-




i . Geometry

Ex. t

~

X |
% ‘ ’ |
|
\

All the poinﬁa on the curve are equidistant from the
center C. - ’

-~

The radius, diameter and a chord Q{ a circle have SpECiai'
cﬁﬁracteriQFics. t

.

Lt e b

A

- -&ﬁh cirgcle -determines three sets of points in the plane:.
“" interior and exterior regions and the circli-itselfL

~

Central angles cut off arcs and sectors of g¢ircles.
LN i s )

'See‘cod%s 5280 and 5290 for coding circumference and area ’

“ of circles. )

:
T

'
' . \ N
- .

-

"‘. . - , . Y
Three dimensigpal space - / . 5183‘ e
\ Space is the spt_of all points.

A closed three' dimensional figure separates space into three
sets of points: -

a

. All points outside. the figure (exterior region). ‘ .

All poinés ingide the figure (Znterior region).

’ fhe.pqints of the figurefitself (boundary) . . . <t

, Ex. The interior region of a sphere is the union of its . '
center point and all points whose distances from the
"+ . center point.ar€ less than the radius. The exterior
"region is all other points noE on the surface of the
sphere.

4 N +
I

. el X
Three dimensional figures ' b
A. General propertuies of three dimensional figures . 5185

?

." ) . . .
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' Geometry

A polyhedrén is the union of closed polygonal regions which
bound a portion of space.

The.polygonal regions are called faces.
sThe faces intersect in edyes (line segments).
The edges intérsect -in vertices (points).

Some other three dimensional figureg are cones, spheres,
cylinders and prisms. -
.4 ' N
. Use this code if more than two types are considered in
the same lesson.

f e

'

B. Pyramid

El

A pyramid is a polyhedron formed by the union of a polygonal
region (called the base) and triangular regions (called the .
. lateral faces). 1If the base is a triangle, the pyramid is
-a triangular pyramid. If the base {s a square, the pyramid
- - is a square pyramid.

triangular pyramid 8 uare pyramid , “hexagsnal pyr&ﬁ{d

\

‘o
»

\




Geometry

C. Prism . o l . _7.'"' .. .b5l88 -
A ] A pfism is a pblyhedronvwith two faces (called basea) that
1”3f are..congruent polygonal regions in parallel planes and other

faces (called lateral facés) which are regions bounded by
R parallelograris.

If the lateral edges are perpendicular to the base, the
prism is called a right prism. .

Prisms are named according to the number of sides in tHeir

bases. N
i)
]
o
"
|
' ?
I
A
- \\
. right triangular : +~ obligue triangular °
' prism , ;/ prism i
i Y 3
I
]
' |
|
Y '
|
l r
A 14
<
» f’*\\
Pg
* - right .
. péntagonal prism ?

If all of the faces of a prism are parallelograms, then it
is called a parallelepipéd.

‘

i,
R
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parallelepiped

If all of the faces of a prism aPe rectangles, then it is

called a rectangular solid. .
b
I
/ *
S g S—————
. \
A
* \
\
\
7
. - ’ .
rectangular solid - .

Py

t

If all of the faces of“a prism are squares, then it is
called a cube. . -

~

|
—
, |
l
—1 -
. N

N |
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\ ‘ o . Geometry .
D. Cylinder N L ' 5191

) -
upion of two congrwent
es and the line

of éhe circles.

A circular cylinder is formed by th
circular regions (baseg) in paralle
. segments joining corresponding poin

If the line joining the centers of the cXrtular regions is

perpendicular to the bases, the cylinder/is called a right
eircular cylinder. '

TN
1

— —

right circular cylinder , oblique circular cylinder
o . E. Cone . : . ) . ) 5192‘,

¢ A circular cope is the union of a'circular region (base)

.« and all line ségments joining a point (vertex) not in the
. Plane of the base to points on the circle. '
& . .

. 4 ’

! If the line joining the vertex to the center of the base

: Is perpendiculgr to the plane of the .base, the cone is , ‘

4 called a right. cone. '

4 ) »

"y
~ . . xf :?i » "
Ty
%
. right circular ¢one . oblique circular cone t

Vo
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~ Geometry | j : | :
5194 F. Sphere e L SRR A

A sphere is the set of all points in space that are a given

|
distance (the radius) from a given point called the center.
S '

oy
!

Conic sections, or conics, are curves which can be formed

|
5195 <" Conic Sections: the ellipse, circle, parabola and hyperbola
by the intersection of a plane and a right circular conical

]

‘surface. : .
& .
/A .
. .
. . .
. A conical surface is of unlimited extent and has'tyo parts
. called nappes. Lines on the surface (such as AA') are

\ - called elements. .

- The shape of a conic depends on the posit?on of the p!gnef
. with respect to the elements on the conical surface.

Ex. An eZZipsq}is formed by a plane which intersects only-
one nappe of the surface and cuts all of the elements.
. ;

-
',
. . « *




“ i \

.o 22 2
* One equation of an ellipse is: 2 + %2 =1,

A circle can be regarded as & special case’ of an “ellipse.”

One equation of a circle 1s: x2 + ~y2 = 2,
o . # . '
. ) - Ex. A parabola is formed wheﬁ the plane is parallel to an
element.

One equation of a parabola is y2 = 2pz.

- -

=" Ex. A hyperbola is formed when the plane cuts both nappes
of the cone. .

[§




5210
75220

5230

5240

1
*h -

B. Two dimens1ona1 f1gures (p]ane f1gu¥es)

e g 2
One equation of a hyperbola is: v R %2 = 1.

. .
- . . - s
.

CONSTRUCTIONS o - N
, : . 'z

Only recognized geometric coﬁstructions will ‘be coded 5210

5220 and 5230. Drawing geometric figures will be coded = :
under 5080, -

Y

?

Ai#ljne godstructions (one dimensional f1gures)

A4 \\ . - .

>

ﬁ

P >

C. Three dimensional figufes (figures in space)

METRIC GEOMETRY
Comparing.sizes, éhapes, distances
* - ® . * \ v

A. Congruency

Congruency is the property of the felation of two geometric
. figures having the same size and shape.

é’

Angles gre congruent-when their meqsures are equal. N

B




L

B.

.

D.

- 3
! .

b, - Geometry

" Iwo dimensional figures ‘are congruent when their
corresponding sides and corresponding angles are
equal in peasure.

-y

L

.« r
Symmetry

’

————

A geometric configuration is said to have symmetry with

- respect to a point, a line or a plane when for every point
ox? the figure-there is another point such fhat the pair
cqrrespond with respect to the point, the line or the plan .

Ex.
! A

| [ "/
LT

L)

——

Points A and B are symmetric to the origin, & point.

The ellipse ABCD is symmetric to the line AC and to
the line DB. /

Transformations .
Ex. Translat‘j:ons rtrtations, reflections and inversions are
examples of transformat:gpns. -
Simi]arity . ,

Similar geometric figures have the same shape but not
necessarily the same sife.

Ex.

O

109 TR

o,

5245




5260

5300

5310

5320

-

¥

Geometry . ‘."';.

E.

A.

-

Similar polygons have fhe angles of one equal in
measure to the corresponding angles of the other
and .the measures of the corresponding sides in
proportion.‘

Sim11arfty sca]e drawing _
(See 8000) - v

In a scale drawing all distances are in the same ratio to

the corresponding distances on the original figure.

. Measurement o ometric representations

Line segments with ruler and/or compass or other measuring
device
(See 6030, 6032, 6060, 6065)
B. Ang]es with protractor and/or compass or other measuring
Hevice
‘\\\\\ .
C. Perfmeter or circumference of simple closed curves
(See\603\, 6032)° . v F
D. -Area of plane figures o
(See 6034, 6035) - A
Include lessons finding surface areas of solids. \
E. ‘Volume of solids
(See 6036, 6037) ‘
[ Surface area of solids -
. Fbr mategials coded with previous lists, see 5290.
G. The Pythagorean theorem and‘the\disfande between two points

The Pythagorean theorem: given 4 right triangle, the
square of length of the hypotenuse .(side opposite the
right angle) s’ equal to the sum of the squares of the
lengths of the other two sides.

<«

;?"w. -
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Ex.

Ex.

., Find the 'distance from A to C

€

——

Ex.

Given the right triangle ABC (right angle at C)

W : * Geometry

132 = 122 + 52 / - S
169 = 144 +25 - | |

!
. f

N

Ex.

P ©o4sm.. | Q

Find the distance from P to R

*
. -

r

‘'Find the distance between the points whose coondinates

are (5,6) and (11, 14) ‘ . ‘

If the emphasis of the lesson is on irrational numbers,
code 2770. .

* - s] ]i{_ . \ P »
> P -
N ) ~ tv\) . B '
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. . Geométry - ‘ 4 .

| -+ . ' OPERATIONS WITH GEOMETRIC FIGURES

5410 Union

-'ﬂ‘x

. Intersection - See 4095 .

intersect in a circle.

~
!

Union - See 4093 .

"Ex. The union of six plane. rectangular regions forms a

rectangular solid.

¢

~
]—-h—

« . .
\ | A i
¢ a
1 - .

Intersection > ’ - .

( -

. - The faces of a rectanguiar solid intersect in line segments;

, The base and the conical surface of a right circular cong ,

- v

OTHER TOPICS =

Sebarqtion of sets of points- ’

See 5070 for separationiof points of a plane by a curve.

See 5140 for separation of points of a pldne by an angle.
. ' 3

A point separates a line into three distinct sets of

points: two half-lines and the point itself!

Ex.

[

- . '

. A B N

®

The point P separates the line AB into three distinct
sets of points: the half- line PB, the half—line PA
and the point P. . N

The notation for the half-line PB is PB.

]

The 10t 7ion for the half-line PA is PA.

[N

‘Ilﬁ

-.x"'-‘ g
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- - , o -Geometry

» ’

> A point is zero dimensional and it separates‘a line
. which is one dimensional. ‘ .

13

- A line separates a plane into three distinct sets of points.
. two half-planes and the line itself.

Ex. o -
’ P
Azif/////;;' .o
' m Q . ' "

The 1line AB éeparates the plane m intyp three &istinct
sets of points: the set of points on the line AB, the

3 ;‘ - set of points on the P side of line AB and the set of
points on the Q side of line AB. . - \
"« The notation sometimes used for the half-plane is as e
follows: - M
P_" o <
‘///’ denotes' the "P" side of the line.AC.
= AB . . i
y : : T
Q , ”»>

,75;' denotes the "Q" side of the 1ine AB.

. Ex |
, .

The line is one dimensional and it separates a plane
which is two dimensional.

See 5183 for separation of points of space by a three
dzmanszonal figure. .

-

A plane separates space into three distinct sets of points.
the two~ha1f—spaces and the plane itself.

g P , T + .

[
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9

L3

Geometry L :
" _ The plane m separates'space into three distinct sets
-of points: the half-space on the P side of plane
’ : m, the half-space on the Q side of plane m and the
plane m,
' The plane is two dimensional and it separates space
which is three dimensional. ;
. i
Locus of poirts

Locus of points is any set of points which satisfy one or
more conditions.’ :

N
Ex. The locus of points in a plane equidistant from a .
Y ' fixed point is a circle. >
.‘q‘ A
Conditions:
. . -
Points lie in a plane. .
There.is a fixed point P.
All points in the locus must be €quidistant from P.
i . . ' # .
Geometric notation .. T
'Use this code for 1essons stressing reading and writing
geometric notation. Lo .
Ex. Line segment AB 1is written AB. .
) . +——> )
. Line AB is written AB.
Triangle with vertices A,B,C is named A ABC.
i ’ ,3 q
Vectors : » ,
¥ -

A vector is a directed line segment. The vector, that begins
at point A and ends at,point B may be written AB. The vector
that beging at point B and ends at point A may be written BA.

>

»

- "l



AB is qhe vector from (1 5) to (2,2).

' . . BAis the vector from (2,2) to (1,5).

t

.
4 x

"Non-Euclidgan geometrics "o

A non-Euclidean geometry is (1y a g

Euclid,s

~

metry which rejects
arallel postulate and retajns the Sther postulages,
2) ény géometry not ‘based on Euclid's postulates.

1
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TOFCV .. - .

Measurement x X .

Meaning of measurement (direct, indjrect)
To measure means to compare an object with  some suitable . ’e
" unit. ) .

-

.Ex. Length is measured by a linear unit such as an inch, .

. a yard or a centimetre. Area is measured by a square

* " unit such as a square foot, a Square metre or an acre.
Weight is measured by a gravitational unit such as a
pound or kilogram. . -

|
A . ]
Approximate nature ‘of measurement

No measurement is exact. If you are measuring a line

Segment your measurement will be -affected by the width

of the dots at the endpoints, the angle at which you

see theddries on your ruler, worn: edges of your ruler .- !
- and so on. , . v

Significant digits

"ham%mmmm,upﬁumtﬁgmathuduns

. needed to name the nnmber of units. ’
N No. of
. : Nearest No. Significant
* Measurement Unit of Units Digits ] QS .
Ex. 506 in. inch 506 3
ten inches 51 2" .
- . hundred inches 5 1 ! '
Ex., 2.83 ft.  féet ' 3 1
« : tenths of a foot 28 2

i hundredths of a
o 5. foot . 283 « 3




‘ [
» - ~
. o Measurement
¢ a i . . L NO. Of
. _ ' Nearest No.  Significant
Measurement ~ Unit of Units Digits
Ex. 608,000 mi. thousand miles 608 - 3

Ex. .0079 cm. thousandths of

. a centimetre A\;fe 1
. - Y

In scientific notation, all digits in the multiplier of the
power of ten are significant.

fEx. 2,080 x 103 has four signifiecant digits.l

-

B
~

. Precision

o The smaller the unit of measure the greater the precision.
See 6005. .

If the unit of measure is % inch and something is measured
to the nearest % inch, the precision of the measurement is
% inch. 2

Round-off error

The greatest possible round-off error is equal to half the:
place value of the digit to which we are rounding ’

. Ex. ght know that the population of a city is 238,469.
o Fo simplicity we might round this number to 238,000.
The difference between 238,469 or 238,000 or 469 is
called the round-off error.
Ex. Rounding to tenths:
37.24 = 37.2 | .
Actual round-off error: 37.24 - '37.2 = 0.04

Greatest possible round-off error: % x 0.1 = 0.05

The greatest possible error




" Measurement

.
f. ' Im any measurement the greftest possible error is % the v J
’ smallest division (unit) used on the measuring instrument.

‘

Ex. The greatest possible error in measuring 5 inches with
a ruler marked to half inches is % incH.

¢,

6006 . S Relative error

The relative error of a measurement is the ratio bf the
greatest possible error to the measure. .
. ) : ™~
Ex. The distance between two cities is 500 miles (to the

s nearest hundred miles). What is the relative error?

. v Measurement " 500 miles . -
) Units of measure " 100 miles ‘ '
Greatest possible error 50 miles (half of the unit)

&

R 50 .1
Relative error EEE'T 10 °F 10%

- UNITS OF MEASURE«< T )

' . Historical development of units of measure

6009 A. Non-standard units such as foot’ cub1t furlong leading to
" the standard Eng]1sh system .
6010 B. Metric units
. * °
Linear units of measure
“ (See 6060, 6065) . |
" 6028 A. Non-standard i )

6030 B. English units for yards or less

. ' (See 5260 5280

6032 . C. Metric units for metres or less
(See 5260, 5280)



R
Measurement *-

Square units of measure in English and n0n-standard units 6034 |
(See 5290) ~ e /

—

Square yhits of measure in the metric system. o 6035
(See 5290) ¢, ' . L.
Cubic units of measure in the English and non-standard systens ) 6036
(See 5300) .
‘ Cubic units of measure in the metric system ’ ] . 6037
: . (See 5300) ;
. p Y
Other concepts of measurement and appropriate units' C , 6038

Ex. Deci#hel, light yehr, calorie, kilowatt, degrees ‘of .
latitude and longi e, miles per hour, etc. :

Money e RN 6040 -

Tine . 6080 .

Distance in Eng]ish units for Iengths longer
(See 5260)

" f Distance in metric units for lengths longer/ than a metre T 6065 -

See 5260 for measurement of line ségments.
Liquids in English and non-standard units

Liqu}ds in metric units

-~ ~

~ Témperature: Fahrenheit and Celsi I (centigrade) _ 6080
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Measurement ; : | ‘ .

< ; .

: ) ) . 4 - ‘ - . - - v ' ) ® ‘

0 + Weight in English and non-stardard units - - - ‘ \ %

. Y ( : » & AN i

' e ) ) 4

5. Weight "in metric units |
6100 Dry measures - “oo , . »

+ 6110 . Quantity (dozen, gross, etc.) ) ’ ' ' .. ‘

6120,  Operations related to denominate numbers = - . g

Ex.t 4 3 hro’ 10 mino ) . , ¢ - ! 4
. h + 2 hro 50 mino ~ » e v .
™ 6 hr. . L !

~ . <y

: |
Code 6120 and 6050. u‘é%i ’ R o

i ) Ex. 6 1b. 10 oz. - oo ' o .o e
L : ‘= 4 1b, 15 oz. < .
‘ 1 1b. 11 oz. L

|
N - . * - A\ A . i
; .Code 6120 and 6090. S e ' '
v ~ I ] i L . - 1}
6130 - Conversion to other standard units measur1ng severa] klnds of ,"
+ ., nongeometric quant1t1es o . |
. Ex, .In one lésson: - ) ) :
10 pecks T 2 bushels 2 pecks, . . » ‘
X . 90 minutes M 1 hOur 30 minutes '
" ‘ ) * 15 quarts m 3 gallons 3 quarts .. oo , 7
- «. T . s o 4 . l

T N v A etC.-. * L
' ~ o




’ V. Measurement

Note: If conversion is being developed with one kind of
’ nongeometric quantity only, code under the quantity.

Ex. - 21 days T 3 weeks L ! '
120 minutes M 2 hours
24 months B 2 years

3 days @ 72 hpurs . . S )

.
i
-

etc. Code 6050.

2

‘Several concepts of measurement in the same lesson

’V
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Number Patterns and Relationships™ - . L ' L 1

ELEMENTARY NUMBER THEORY '

0dd and even numbers ‘ - ’ .
. - (See 0080) T

Even numbers are the integers divisiBle by 2.

E ='{...; 4, =2, 0, *2, ¥4,...}

* »

‘s »- v s N
0dd-numbers are integers not in-the set of even numbers.

' 0= feee '-‘33’:.-‘]:’ +1’ +3’ +5""}

~ (See also 7055) . .

)

Factors and primes

such as 5 x 8 = 40, 5 and 8 are called

. In any .stateme
: . faotors. <

A prime number ig a e number that has only two integrél
factors, itself and 1.

Ex. 2,3,5,7,11,13,+-+ . The number 1 is usually excluded

as a prime since it has only one factor.
. S . ) - .
- General composite numbers: ‘ .

A composite number is a whole number which has more than two
factors, itself and 1. A natural number greater than Nwhich .
is not a prime .number is a composite number.

Ex. 12 is a composite number siﬂce its factors are 1, 2, 3, -
4, 6 and 12. - -




Number Patterns and Relationships

7/ .
ELEMENTARY NUMBER THEORY

Special composite numbers .

A perfeci: number is an integer which is equal to the sum of
all of its factors excluding itself.

-

Ex. 6=1+2+3; 28=1+2+.4+7+.14

« N
Relatively prime numbers have no factor: except unity in
common.
L

Ex. 8=‘1x2§2x2
9=1x3x3

" Both 8 and 9 are composite numbers but they are
relatively prime to each- other. - /

Ex. 3 and 5 are relatively prime. |

Numbers are amicable numbers if the sum of -the factors of
each number (excluding itself) equals the other number.

Ex. 220 and 284

L
.

The fact:ors of 220 are 1,2,4,5,10, 11 20 22, 44 55, 110
their sum is 284

The "factors of 284 are 1,2,4,71,12&2; thei; sum is 220.

. Greatest common factor

The greatest number which is a factor of each of two or
more natural numbers is their greatest common faator.
This number is also called the greatest common divisor.

Ex.’('a is the GCF of 8 and 12.

Euclidean algori thm

The Euclidean algorithm is a method of finding the greatest
common factor of two numbers.

See 7050
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Number Patternsand Relationships ' - S I
’ ELEMENTARY NUMBER THEORY .

- -

* The ‘larger number 1s divided by the smaller. The divisor
is divided by the new remainder. The process‘is continued

until the remginder is zero. The final division is the =  -. ~ *% - -
' greatest common factor. o, oL ‘ .
: Ex. Find the GOF of 368 and 80 - ° e L
I3 [ "-::——-—l-'- - )
) ‘ 80368 R 48 - \ - .
1 ' : - .
48)80  E 32 LT
. 1 2 S
. 32)48 R 16 N -
. -—2-: . '\". S . s . . . N . - \1‘ .
. 16)32 .RrRO-" T .
v, . - .
: The GCF of 368 and 80 1s 16. . - ..
7055 Multiples  * . . L - 0 PO
- + (See 0080) ‘ . Lot T -
Multiplés of a nqmber N .are numbers (products) obtained by »
multiplying N by integera. sase = . S ?
Ex. 10, 35 125 “and 5000 are multiples of 5. - N .* . e
' . Ex. The s6t of multiples of Z is : = . S - R
s » . {o e -4 4-2 Q, ‘2‘ 4 6 . o‘} * ¢ - A . ) - ‘
-7060 - Least \common multiple * ‘ S : ‘ : D
(See ]200 1300‘) " - ' « S * . ' ) v

~. The least common muZtthe (also lowest common denominator,
LCD, of fractions) of ‘two or more natural numbers .is the
least hatural number exactly divisible by all of the numbers.

W

. *  Ex. The LCM of 4 0 +4nd 12 ia 60..




ELEMENTARY NUMBER THEORY : R

Unique factorization (prime factonzatwn) AU - 7070

c Rules for;divis‘lbihty ’ R T S~ 7080 :

 NUMBER, SEQUENCES® AND PATTERNS

" Gefieral number seqﬁeﬁbegs and patterns’ - . ‘ 7082

“

.t

--All nnmbers represented by’ ‘numerals ending in Qor & are

. divisible by 10. .\ T\ e

. s ‘
« Exs 288 is- divisible by 3 since the sum 2 + 8 + 8 or 18

. o the \number, 1s-divisible'by-3 if (2 + 8+ 8)

L )

. v x

Number Patterns and. Relatioriships - I .

3. . .

-

'Unique factorization or complete'factorization occurs when E
the number is -expressed as the: product o£ its prime factors.

E&f 3% 4= 12 shows 3 and 4 as factbrs of r2 but the. - ~ ) .
expression 3 x 2 x 2 =.12 shows éomplete factorization.

Y
i
¢ +

2 '

Fd

All even‘numbers can be divided exactly by, 2 ‘

-

exactly- divisible by 5; . P

- e

> /

o .
ALl numbers represented by numerals ending in 0 are exactly

If ‘the sui of ‘the numbérs named by the digits in a base 10
Humeral is exagtly divisible by 3 then the number is
divisible by 3. .

;18 divisible by ‘3. . - l . .

Proof{ 2 x €100) + 8 x (10) + 8 =

-;-Zx.(99+1)+8x(9+1)+8=
N 2x§9+2+8x9+8+8=

- "(2><99)+(8x9)+2+8+-8=288‘

" The 'first two terms ate divisiblé by 3; then

is divisible by 3.

/
Rules for divisibility by & 6 Q/gnd/Q are often'used
also. .

- , .
| . Vo b . '
<, U

/A,
.

-,/“

a




‘.., Number zatterﬁs and Relationships

.., . WYMBER SEQUENCES AND PATTERNS

L ,_-_;./?;—‘-v-:——--;—--\—wiw—~; RS
- “flaﬂ": ' * Number seqpences .are numbers given in some~order, usually ¢
. o according to a -pattern. ot S ;
EX.. 1,1,213,3,4,5,5,6,". EX. 3’2 4 3 5 4 6 5 S e | )
» . o BN ! . — - s
. ST Bk 0,3,8,15,26, "5 - Bk 1,3,4,7,11,18,29, -+ :
.. .‘ . s v . - - .
7090 - g Amthmetw progresswns . . ~
L. Lo . (See 0075 0080) .
. . An arithmetic progression is a sequence of numbers each o
) .o ‘ . differing from the preceding number by a fixed -amount.
c " ° Ex. 3,6;9,12.--the constant difference 1s 3 e
N o Ex. 8, 6 4,2,+--the constant ‘difference is 2. . )
N k] - . - V
: Use code 7090 when arithmetic progressions are 80 »

' . called by the authors. For skip counting\in primary
o grades use code 0080 >

n3

~ N * - ’ . L4

«
. s

7100 ] Geonetf‘ic progressions T T
S 'A geometric progression is ‘a sequence of'numbers each of * o
‘ : ) which differs from the preceding number by a constant factor.

. v ~
(4 - > > .

N 3

. . ‘Ex. '1,3,9,27,...the constantgfactor is 3. - R
. . . - . - ~ < - Y . .

ot " N ' N -" ' R of t A . ,

AT X - - Ex. 32,16,8,6,2,1,%,%,-v-the constant, factor is %. . ’
‘ * CIVI .. " 3 . . \ .-
L . ) : ) , 5,

7110 - Triangu]ar‘hunﬂ)ers NI \_
B : C A triangular number is the cardinal number of‘a,set of dots
. used in making triangular arrays beginning with one g6t and .°'
S < continuing with rows of 2,3, 4 +e4 dots, o .
\x o Ex. Using the top two rows of the diagram, 3 is seen to be
o *" "a triangular number. Using the top three rows 6 is :
' 'seen to be such a number. S

.t N L ) : ‘ B ' 4
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NUMBER SEQUENCES AND PATTERNS . e
Square numbers ’ -,

Square numbers are the cardinal numbers of square arrays.

LN

Ex. \ e e ' '

3

4 and 9 are such square numbers.

Factorial numbers - ' S Coe
Factorial numbers are numbers -sygbolized by n! or |n_ to
indicate the product of a series of consecutive positive
] integers from 1 to the givenr number. -

Bx, 3 =1x2x3=%6 - o ST

3! is read "factoriallthree. It may also be read aé
"three factorial." ;

'
. 3

Other special sequences
Ex. Fibonacci numbers are numbers in the sequence
« 0,1,1,2,3,5,8,-«+ . Each number beginning with
- the third is obtained by finding the sum of the
two preceding numbers. Leonardo Fibonacci was'
‘a mathematicign of the 13th Centtiry who wrote .
treatises on tthe theory of numbers. . His name
was attached to the above sequence.

Pythagorean triples - L
(See 5320) . ‘

I

!
A Pythagorean triple is a triple of whole numbers which  *
‘ can be’ the lengths of the sides ‘of a right triangle. . /.
\ ,
Ex. ‘3,4,5" since 32 + 42 = 52 -~

-
.

» 3
Ex.‘ 5,12,13 since 52 + 122 = 132

7130,

7150

7155




& Number Patterns and Relationships

*

NUMBER SEQUENCES AND PATTERNS®
7160 . Other special patterns (iné]uding short cuts)
Code with an operation if possible.

Eg; To multiply by 25 quickly, multiply by‘iOO and divide
100

by 4:(actuall§ multiplying by e another name for 25).

(40 + 5) x (40 + 5) ' .
(40 x 40) + (10 x 40) + (5 x 5)
(50 x 40) + 25 = 2025

Ex. 452

w b ou

Using the short cut .. .
452 = (5 x 4) x 100 + 25 or 2025 ) '
o . ] .
“Q Code 7160 and 0700 (raising td powers'and finding roots). ‘
) Ex. 15x 15 = 225
. . 35 x 35 = 1225 . y
. 65 x 65 = 4225 :
- 75 x 75 = 5625 ~ ‘ .o
. coa 95 x" 95 = 9025 ' ) v
‘ 45 x 45 = 2?25 e '
85 x 85 = 7777 ' .

There is an easy way fo find the product when -a number
is’ multiplied by itself if the numeral for the number
has a 5 in the ones place. Can you see the pattern?

Let t = tens' digit
Let 5.= ones' digit

L3 <

(t+1)yx¢t x 100+ (5 x 5) =N
Ex, Since 3+ 7 = 10,.then 13+ 7 = 7
Since 8 + 7 = 15, then 18 + 7 = ? .
Since 8 + 9 = 17, then 18 + 9 = 7 .
Sin¢e- 9 + 6 = 15, then 19 +.6 = ? .
Since 4 + 9 = 13, then 14 .+ 9 = ?

¢




" Ex.

|
. In this figure there are Y lines. The Heavy line-
im:erseets each’of the other lifes in 2 point(s).

Does ‘each line intersect every other 1ine in the same
\. number of points? .

To'find the greatest number of points of intersection
determined by 4 lines, multiply the number of lines, 2, .,
by the number of points of intersection on 9d¢h 1line,

4, and then divide by 2: There are ! ; ?, or 2 points.. '

ap

- N / .
A NS
ST
., - - v
S

Try this with® 5 lines, 6 lines, 3 lines, n ,Iines\.\
.

'(




toPcw: -

Other Topm ‘

~

-

D

Ratio and proﬁortion

A. Ratio
i v (See 5255)

" -A ratio is a comparison of two nfmbers by division.
A ratio is a fractional number ysed to eompare the
‘cardinal numbers of ttwo disjo sets.- 7

Q

Ex. The ratio pf st A to set B is /%..
- N ' A/. ‘. ’ . ; v ’
4 P ’ . f
. . ~B = , . LA
\ L . . ) /OOOOO . . . ! ’ t
- ‘ " '
The fatio is’'a .comparison between two quantities which have.
the same dimensions expressed in the same urit. .o
/ratio of /

-

"y
]

/ Ex. Larry has 4 books and ‘Jnhn has 7 bagks. | The /
Larry's books to John's is 4 to 7 or -l;-
» ' . ’ Z /
.. A raéio of 1 to 2 can be represented y any member of ; :
1 2 3.4 ¥ 2 /
the set’ 356 /8’.'" . It ‘be exgressed as ) .
- / ’ N
1to?2, %-, 1:2,

A statement which shows that two rdtios are equal is called
. a proportion. .

: 2_ 4 2 =
Ex. 3-6 . Ex. 3-18




/ I \ - Other Topics
# B. Direct and fnverse vagiation | . s

. Whenever the quotient of two variables is a constant, we
say ﬁ?at they vary divectly.

/
/

- An ei'ample of direct variat?ian: g—- 7 or d‘- 71- //

't{he/never the product of two variables 1s a constant, we
say that they vary inversely. /

- >
»

An example of inverse vgfiiatian: » xm= 560 or »r -"%%9- or °

mI’ . : ‘ .

The cgnataﬁt is called the constant of variation.

»

C. Proportion (1nc‘!uqing rate pairs) . ' _ 8002

L

A rate is a comparison between two quantities having
different dimensions such as miles ger hour.

Ex. If one candy bar costs 6¢, 2 andy bars cosc 2¢. )

"Note: Most verbal ‘problems using ltiplication involve

the concept of rate. [ . // 1
‘See 4035 4 //
L , by
Per cent . v ' o
A. Meaning and vocabulary /8004
: (See 3035) - ) ' :
" B. Developed through use ; ratios. » ' 8005
. C. Developed through use of equations / N\ 8006
D.* Developed through use of the fomula p=bxr (percentLge equals 8007
base times rateg / )
A . .
. , / /
v [ \\ ‘
° wz}.- ’“ \ ‘ 4




. —GFaphs | < <
S (See 8050) . .

8020

8030

) : 3. »
Other Topics -
Ex. What is. 8% of 627 ) /
62 b (base)

.08 » {rate)
4.96 p (percentage)

.-

E. Computation related to per ‘Cent

t

) i SN
A. Solution:sets of equalities and inequalities on the fiumber
Tine % Ve
. i \
Ex. 3 XE:] = 6 'The solution set is {2}.

-

The number I%Le shows

- — -_—
~ ~ - -~
'd N7 s

AY
L ! 1 ! ’

N/
- & | - | |
012 3 4 5 6

Graph the inequality 3 x(]</10 if the universal set
is the set of whole numbers. ; The solution set by dots
is {0,1,2,3}. The number li¢L~graph is shown. .

<4— :\. —_ 44*'> - .
0 1°2 3 4 5 . I
B. Ordered pairs on a coordinate plane ' {

i
s

Over 300 years agp Descartes envisioned a plane (sﬁiﬁace),; '
‘on which pairs of|numbers were used to locate points. . This .
plane is called the Cartesian or coordinate plane. Ordinary. !
graph paper illustrates such a plane. The pairs of pointg
are ordered so thht the first numbey represgnts the hprizgncdl
. or ¥ distance and|the second nUmber'répresepts~the vertical or -
y distance. - T '
' Ce 4 :
Ex. The x and y axes .drawn on the plane may be considered 3.
as two number lines with the O point at théfr fnter-
section. The ordered pair (-2,3) locates .a point 2 . ‘
wnits to the left of the 0 point and 3 wifty above it. -
< ot
] s

. ) . g L - * {
\

VAR |
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Cﬁher1txics

C. SoJution sets of equajities and inequalities on a coordinate

plane
Ex. Equality {(7/,y)|y - 22

[
[~
0 o
_ 1 2
, 20§
3 06




Ex.
. L3

(2,4)

(1,2

N
~

(0,0)"

coordinate ‘plane.

Awill result.

§
Ak |

Find ordered pairs like those given.

Connect the

points.

Plot them on the

A straight line

'The coordinates (numbers comprising the ordered pair)

of any poiat on the line serve ap a solution set for

the given equation, or equality. ; j.

I

Inequalities

Y

{(x,‘y)ll:c b2, y<2

7
2

L

s

K’/\ i“

/\'

;2%\

i / '\
I

13 1‘13




Other Topics

Since # = 2 is not part of the graph, that line is
dotted. For the same reason the line y = 2 is dotted.
. Whegg the two sets of arrows cross each other we have
" - an area extending indefinitely to the right and down-
ward. The cobrdinates of any point in this area serve

-as a solution set for the given inequality..

D. Slope, intercept, etc.

The slope of a line'is the ratio of the.rise to the rmun. 8042

-

The slope of the line is %.,

N

If the line intersects the y-axis at (0,b), b is called the

y-intercept. - ' v S
) *

In the exémple above, the y-intercept ié 2,

» Lf the line intersects the z-axis at (a,0), a is called the
x-intercept. ‘ :

In the example above, the z-intercept is —4.

In an equation written in the formy = mx + B, m is the slope
and b is the y-intercept. :

~ -

Ex. y -'§ z\+ 9

‘The slo is-%

- The y-intercept is 9, y




Other Topics

Descriptive statistics'

A

BI

- C.

Frequency tables, charts graphs (bar, 'ﬁne circle, dot,
*picturey etc.) . :

-

Measures of central tendency: average, mean, mode, median
b3
Phe “arithmetic mean of a sequence of numbers is an average v
and. is found by dividing the sum of - the numbers by the
number of items.in the sequence.

Ex. The. A.M. of 4,8,10 and 16 is (4 + 8 + 10 + 16) %4

The mode of a sequence of numbers is the number or category
-that occurs most often. .

The median of a sequence of numbers is the middle score in
the sequence after the scores have been arranged from lowest
to highest or highest to lowest. The median of the scores
5,6,8;12,18,20 and 24 is 12. =~ . )

The median of scores 4,5,6,8,11,12,18,24 is assumed to be %
the sum of the two middle terms 8 and'll. b (8 + 11) = 9%,

p——

Measures of variab‘{hty range, quartiles, percentiles,
average deviation, standard deviation

. The range of a.sequence_of numbers is the interval between )
the least and the greatest of a set of quantities. . '

Ex. The range of the, series 1,3,7,10515 1s 15 ~'1 or 14.

<

The £grst quartile Q; is the point below which lie 25% of
the séores.

“The third quartile Q3 is the point below which lie 75% of ° '
the gcores. y

The 20th percentile is the goint below which lie 20% of
the scores.

The 50th percentile is:the point below which lie 50% of
the scores.

/




" the formula

- 7 . . . .
e " [ ' ) Other Topics
‘ 'I'he average deviation i

deviations of. all the g
arithmetic mean.

8 the arithmetic mean of the

éparate measures from the

It is found by using the fotmulg
A.’D.-—z-L‘EL

N .

§ .
The absolute value of the sumof _the deviations divided by
the number of deviations is the average or mean deviation.

~ The star_x:lard deviation for mg;'ouped data is found by using

vhere & 1s the deviatic;n

of each score from the mean, Iz2 ig
the sum of the deviations

8quared, N is the number of terms, °

Permutations and combinations -

’.

~Ex. Three peopie, A,

RN
..

" Ex. In_:égine that there are three

. , M
Each different arrangement or

. ordered set of objects is a .
permutation of those objects. oo . -

Ex. List the permutations of 2, 3 and 4 usiﬁg all three
digits. ' ., -

Answer: 234, 243, R4, 342, 423, 432
empty seats in a bus ‘and .

two,people get on. In how many ways can they-pick

seats? o ot *

R

Answer:. 6

» -

-

A combination is a set ‘or collection of objects in no

particular order.

Ex. How-'many ~_c'ommi‘ttees of three members 'can'bq. formed from
" three people? ' - PR :

-Answer: 1 .

P

B and C, enter a room. Each._

hands with the others. .How many handshakeg?

A':;swer': ‘ 3




___C. Other

Other Topics T . SRR
Probability - - . e L
A Intuitive concepts .  © . . e

_1f several events are equally'likely to happen¢ the chance

. (probability) that a given evént will happen is the ratio"
of the favorable possibilities to the total possibilities.

The probability that a-3 will show on one toss of a die is

1
3« dﬁiy\gpe 3 can appear-. Any‘of six numerals ms? appéar. -

“

_'B. Formal concepts . ;
B Ex. A bag contains five marbles. On ten draws you got
a green marble ten times. What do you estimate the .
chance of drawing a green marble? a red marble?
v A}
Ex. There are 30 marbles in a bag. If five are- green,
12 ate blue and three are red, what is the chance of
drawing a blue one?

.. X Vo R
;" Ceov. L o . et '
-~ b P- EE e oo . -~
d v .

N L ',.“:“,,:,,L_. ey ea
v o

Other méthematical éystems (finite or infinite) - :

A. ,Modu'lar arithmetic (clock arithmetic) .

-

.

" Modular arithmetic is hased upon a set of finite numbers.
LY
Ex. e usual clockface has only 12 numbers.“‘Hence, in
that number system we may write 8 + 5= 1. A movement
of the hand 5 spaces beyond 8 brings the hand to 1. )
JNote. Use of the_ciock to teach the base 10 system of
-numeration is’ coded 3050. ,Telling time is coded '
.. 6050. Use this code for finite mathematical systems
only.

B. Without numbers

Letters or geometric figures may be used.




- l‘.o‘gi)c ] . s, i ' e o ,‘ . 5 . . » )
d A. Reasoning * c . ~ 8130 ‘
. o . ‘Logic may be described roughly as the study of necessary : .
inferences or compelling conclysions., . < T e
. < . M i - . . . ’ ’ ‘ -
Ex. Answer yes or no. Mary has two dimes. Ann has two .
- : nickels. Mary and Ann have the same amount of' Eoney‘l
. ] - | - . . L > I'd . " - . i ’
B, Logic in depth - o . o . 8135,
- - (See 4097) Lot LT - -
= R . ’ ) hd [ A ‘8 ‘ .. ’
. Use this code for work stressing syllogisms, truth ‘tables, : . }
S - Venn diagrams (when used in logic); e¢o & oL
EX. Draw a conclusion from the following:  ° -
. e "0 (1) If Mary is at'school, then Susie is at Home. R )
e iee oL (2 1€ Sugde 1a Al home, them the bird ds atngiog, . st .
PR y v ' N , ) - o : ‘\ ' . 'X
‘ ., Ex. Draw a Venn'diagram for the following: .
'y (1) A11 fecfangles are parallelograms. _' i '
. , - " . (2) A1l squares arehreActangles. . 1 '
(3) Therefore all squares are parallelograms. '

-

’




A A

. Other Topics - ‘ .
8140 ' Re'l;tions -and functions

A relation is often defined as a.set of ordered pairs.,
¢ Thus {(Mary, John), (Harry, Sue), (1,2), (8,6), (a,b)}
is a relation even though the elements appear to be
. ’ selected at random. However, the selecfion of metbers

- . * of the set is ysually made on the basis of some meaningful
" . relationship. : '

” -

Ex. Suppose.it is known that John is 4 years old, Harry is

6 and Mary is 7, and the relationship "is older: than" a
is given. . oo R

 Thus the relation is {guhry, Harry), (Marj, John),
(Harry, John)}. s y B

The graph of this relation:

Sgom :
- Ilam' -~

~

\

Ex. The pairs of real numbers that make y2 = 2 a true ,
statement form a relation that can be written’as o -

\ {{z,y) |y? = z}: |

. Some of the members of this set are (0,0), (1,1),
(13-1)7’ (432)0 '
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Ex.

-

. * Other Topics

>

A get of ordered pairs may be formed with the first
number being John's age and the second his weight in y,
pounds on his birthday: , .

{(10,76), (11‘75)':53 (12,89), k13,100)}
e

A

The graph of thisérelation:

¥

100+ - T

90+ ’

8o . :

0T . e e
~— — —— X .
10 1 12, 13

¢

Example 3 differs significantly from examples 1 and 2,
In example 3, only one point is graphed above . (or below)
one location on the x-axis, whereas in the other two -
examples, more than one point appears above (or below)
the sape point on the x-axis. Relations such as that
give;bin example 3 are single-valued.;elqpions and are

call

functions.

7

.




8145 -

8150

Other Topics,

1

A function is a relation such that for each first value
there is one and only one second value.

>

= -

Ex. {(1,2), (8!3)’ (7,3)}
Ex. t(l,Z‘)', (8s5)s (7s5)s (4s3)}

Ex. {(z,e)|e = 2nr}, where »-> 0

“ 3
This code ‘is to be used for definitions of, and for graphing.
for-the purpose of illustrating the meaning of, the terms
relation and funetion.

v
s

-

"'~ Domain and range R , '

.

< The domain of a relation (or function) is the set of first
members of each pair.

The range of a relation (or function) is the set of second

members of each pair. 1 N

Ex. Given the relatio; {(6,5}, (8,7, (2,6)L
The domain is: {2,6,8)

The range is: {5,6,7} .

Esti mat1 on (

(See 3100) < ~

“An approximate (estimated) answer to a problem can often be
found by using rounded numbers and mental computation.
. w , k

. ) . - ’,
Ex. The sum of 428, 365 and 215 1s ‘approximately '

400 + 400 + 200 = 1000 . _
428 ' T i
365 '

+ 215° - ’

1008 « actual sum -

)




/’ .

» \‘

Ex.

Estimate the area of each region. ’ )

| ] .
/ L
) , f

t g
/ v
' Ex.
L 3
'O
T

|
. i .
- .1’ < . 0 /
. . ) ‘

Estimate the length of each object fo{the nearest

L T *
Lo, -
4

A

half inch. .

ﬁ3152 ' ;\
|
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N  Other Topics
1 .

} 8160 Propert1es of relations’
i ‘

(See 8140) -

Syppose a set of elements and some-rule for pairi¥ng them are

. - given and a set of ordered pairs (a relation) is formed. If
| the given rule permits every element to be pai with itself,
R ) the relation is said to be reflexive.
|

| : Ex. Given the sef of whole numbers and the rule is equal to
Since every number is equal to itself, the relation
formed 1is reflexive. - .
. ‘ ' S
. If @ and b are any two elements and if g can/ ‘be paired with
b then b can also be paired with a, the relati7n is said to '

I be symmetrie. . ' [
| . . . Ex, ,'Gi‘ven the rule is the sister of and two girls, Alice
- N - ' and Mary, who have the same parents. The relation is .
{(Alice, Mary), (Mary, Alice)}. Since Alice is the
. sister of Mary, and Mary is alSo the sijter of Alice,
.o " the relation is symmetric. .o /
- . ‘.. -~
. . . If a, b and cWare any 3 elements of a set and if a can be
‘ . paired with b ¥nd b can be paired with e, then g-carbe—-
- & paired with ¢, the relation is said to be transztzve. ‘
A ’ .
A 7 Ex:. Given ‘the children in a classroom-and the rule i8
;7 R ST taller than. The relation so defined is transitive | .
e A - since 'if Mary is thller than Harry and Harry is .
-/ o taller than John, then Mary is taller than John. . )
| , .
A oL
oo S § 3 numbers are pa{EEd with the rule is equal to, the : v
) relation formed 1s-reflexive, symmetric and transitive. '
| ’ .
i '2/ /)’/ Ex. if people are paired accbrding to the rule g taller
N N A than, the relation formed is transitive but it is not
. . e ’ “reflexive (since 3 person cammnot be taller than him- i
; A T self) and it is not symmetric (because if Ann is 7//
‘~// o ’ taller thanlBetty Betty cannot be taller than Ann). /|
‘ v ’ L}
/81710 Mathematical septences i I i

(See 4125)




7
'

An arrangemgﬁt of symbols indicating that a relationship.
ex{sts between two or more things. The sentence contains
at 'least two symbols for numbers, points, sets or the 1like

and a relation symbvl. The most dommon relasion symbols
aré =, > and <. ‘ L

Other Topics

Bx. . ' symbdl - ‘relation symbol
o for thing symbol  for thing

Equations: 2 + 2 . - 5

3 y'
Inequalitiess 2
o
) S
B+5

Other: AB 1 CD

*{1,2} { C {1,2,3,4) -
g = a \

Kinds of -

5 Sentences{ Open’ Sentence Statement
! ; 2katelent
M L .

x+y =13 2+ 11 = 13

6 X9 =36

6'x P 24 .6 x5>2
B

Developmental work with problem~solving may be classified
under code 8170. Problem~solving (application) should bé
coded under the operation involved. \

- ~.

' Appligation of mathematics to othep subjects

"In*textbook analysis, use only with at, least one other, code.
« ‘ . \~

-~ A\]

r
[

Flow charts

~

1f a flow chart shows instructions for a non-mathematical
.  Pprocess, code 8190.

‘»




’

. If a flow chart shows instructions’ for a mathematical ' /
process, code 8190 and at least oq% other code. .

L

8200 History of mathematics - ‘ o .

{* Use this code for biographies of mathematicians and other (
; historical materials. For historical mathematics, code the
/ mathematical concept. : 7

‘ Ex. "The Greek mathematician Eratosthenes, who lived dver /
> 2000 years ago., invented a way of sifting out the ’ '
prime numbers from the other natural numbers." Code 8200

Code actual work with the sieve of Eratosthenes 7010. /
/

8220 Triggnometry

-

A.L\'D"efinition of trigonometric ratios

o, .Usg this code for the’definitions of trigonometric ratios )
and for direct. applications of thé definitioms.

-

- * Ex.

R\

Loy - ~
< Give Ehe value of 'sin A. Answer: &
’ </;fh‘ 5

8230 - 'B. Numerical trigonometry
Ex. A right triangle has an-acute angle with a meabaremez% ' B
of/ 77°. The length of the leg opposite the 77-degre '

angle is 36 cm. Find the length of’;he hypotenuse td
the nearest centimeter. /V

R 5 .




Zepo, the identity element for addition
(Seé 0170, 1180 2090)

One,. the 1dent1ty element for mu]tip]#cat1on
(See 0440, 1400, 2200)

C. The distributive bropert
(See 0430, 0575, 1390

-

7 . —
Equations or inequalities

!
A. Linear ih one variable

Ex. Find each solution set:

<

n+ 4 = 6

6k = 24

9 > 36
4(z-5).= z + 7 \ )
¢ 3 = 175 < 200

For graphs, see 8020

Linear in two or more variables
(See *8040) ,

Ex.. The sum of two numbers x and y is 13. The difference
between x dnd y is 5. What are the numbers?

Quadratic_ in one variable
(See 8040)

-

Ex. Name the two solutations of xZ + 4y = O;

-
’




Or;der of operations

N : Other Topics

"Ex. Solve (z - 4){x -~ 1) = 0 and z ¥ 6. ‘ \

Ex. Which ig'larger, a or b? _ ) ’ )
a=5+ (4 x2) , ' o
b=(G+A)x2 | ‘
Answer: g =5+ 8= 13
| b=9x2=18.

b>a

\

\

\ , i

Ex. Find the value of 5 + 4 x 2. f ‘ ‘
Answer: 13 |

When no symwbols:are used, the rule is to do operations in
the following order: . i e/

. . l‘ /'
first, powers and roots . !
second, multiplication.and division -

third, addition and 8ubtraction.:




TOPIC Vil

Sunimari$

-

General review ‘ )
Review codes are to be used only if the author states (in
teacher text or pupil text) that this material is review.
In most cases, the word review will be used, hut there

may Ae ap equivalent expression such as maintenance of
-skills.

b
Use code 9000 if more than two mathematical content
topics are presented in a single review lpgson and
one or two items of content cannot be ideatified as
of mgjor Amportance. :

Sets supplementary-pages at the end of a book are
coded” 9000 for general review gr 9020 through 9111
for/specific review unless these pagei;qre intended

for practice priorto mastery. , - .

/

Test
' REVIEWS .

_Properties of and basic operations with whole numbers

Properti}s of an ﬁasic operations with fractional numbers
o!

Properties of a
* /
I

tl
7
/

Numeration;
. /

A

ﬁff/Sets




0101
5102
9103
/9104
9105
9106
9107
9108
;>V 9109

9110

9111

" Graphs C , "

’ /’.' ’
Probability " ”//T“\\\ '

REVIEWS. ;
Measurement
Number patt?%ns and relationships

Ratio and proportion

Per cent
Statistics

Finite mathematical systems
Logic
Retlations and functions

Estimation . : -

4 Properties of relations i

Mathematical sentences (equatigns) -
- Use when specifically being revi%d.
" Mathematical sentences (equations) will be used with many

"“ topics and especially witlr problem solving.\ The lessons
are then codeq dgcording to the topic being studied.




&
Algebra

\ APPENDIXES AND GENERAL INFORMATION

' Bibliography - student
Bib]iography-l teacher-

Games

Glossary

~

Index - student text
index - teacher text

Introduction - foreward
preface
notes to teacher
philosophy and series development
information about authors

§
Mathematics text for teacher inservice material
. ‘ 7 :

Overview of Program. - Grade Level (survey)—.

Overview of Program - Scope and Sequence Chart

i

Table of Contents

/// Tables: Measures, etc.

Title Page, Covers,!Notes, General
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_INDEX

Absolute value, 2040, 2535
Addition
basic concepts: see
associativity
binary operation
closure
commutativity
computation
common fraction notation, 1190,
1200 .
_complex numbers, 2920
decimal fraction notation, 1210
integers, 2110
rational numbers, 2610.
real numbers, 2830
whole numbers, 0190-0231
development
fractional numbers
number line, 1130 .
plaﬁgkor solid regipns, 1140
union of disjoint sets, 1120
', integers
s number line, 2053

physical world situations, . 2055

whole numbers .
" number line, 0130
union of disjoint sets, 0120
elementary facts, 0190
one, role of, 0180
zéro, the identity element
, algebra, 8502
fractional numbers, 1180
integers, 2090
whole numbers, 0170
Additive inverse, 2100
Algebra, 8502-8590

Algorithms T e
uclidean, 7051

Y

.

istorical 0230, 0331, 0521, 0671

Angles .
definition, 5115 .
“kinds, 5125 -
measurement, 5270
.regions formed by, 5140
Appdications of mathematics, 8180
Approximation, rational, 2760
:

o

ea, 5290
rays

fractional numbers
multiplication, 1340 .

"whole numbers

“ division, 0555
multiplication, 0360

sociativity

addition

fractional numb-rs, 1170

integers, 2080
whole numbers, 0160
division
fractional numbers, 1530
integers, 2260
» whole numbers, 0600

multiplication

fractiprial numbers, 1380
integeis, 2210 !
whole numbers, 0420

subtraction .
fractional numbers, 1280
integers, 2160 .
whole numbers, 0290

¢

» Average, 8060

Betweenness, 5030
Binary operation
. addition ‘ ¢

fractional numbers 1110

‘integers, 2050

whole numbers, 0110
division

fractional numbers, 1650

integers, 2240 . -

whd;: numbers, 6530

" multiplication: - - ‘
fractional numbers, 1320

integers, 2180 ‘
whole numbers, 0340
subtraction
fractional numbers, 1220
integers, 2120 v
whole numbers, 0240
}

“

-

>

Cagdinal numbers
‘Beyond ten, 0035

one through ten, 0030

161
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" Circumference, 5280
, Clock arithmetic, 8100 .

" INDEX (¢ohtinued)

. ’ ’

zero, 0020 ~

Cartesian product sets
¢ross products, 4160
multiplication develOped 0390

Circle

. circles, 5180 .
conic section, as a, 5198 Y
locus of points, 5520

L}

Closure

addition
fractional numbers, llSO
integars, 2060
whole numbers, 0140 ?

divigion ’
ffactional numbers, 1500 .
integers, 2260
whole numbers, 0600

multiplication

fractional numbers, 1360 .

integers, 2190
whole numbers, 0400
subtraction . \ ‘.
fractional numbers,-128
integers, 2150 . :
whole numbers, 0290
Combinations (and permutat ons)y’ 8075
Commutativity .
addition ' -
fractional numbeys, 1160
integers, 2070- S
whole numbers, 0150
division ¢
_+ fractional numbers, 1530

L. integers, 2260

whole numbers, 0600
multiplication - ‘ '
' fractional numbers, 1370 \ .
integers, 2200 te -
‘whole numbers, 0410
subtraction \
fractional'numbers, 128Q
integers, 2160
whole numbers, 0290 -

. Completeness, 27 O : ' \
. I

Complex numbers
computation,. 2910
development, 2920 ’

3

" Composite numbers
general, 7020
special, 7030

Computation ’
‘complex humbers, 2910 ° )

» .multiplication

162,

other number systems: gee the

.operation
Cone, 5192 . *
Conic sections 5195
Congruency, 5240 -

Constructions’

4

" line (one dimensional) 5210

two. dimensional (plane figures), 5220
three dimensional (space figures),
5230,
Conversion- of units, 6130 . )
. Coofdinate plane
+vordered pairs, 8030
solution sets, 8040 . . .

. Counting

backward rote, etc., 0090 -
. -.cardinal number, 0060 . . d

fractional number, 1080

ordinal counting, 0070

» skip counting, 0P80 . . 3
Counting numberxs g a %
|

8ee. Natural numbers "
Cross products 4160 S
Curves :
areay. 5290 |

A

> clrcumference, 528
ih depth, 5174
“ijtuitive concepts 5060
P rimeter, 5280
~ regions formed by, 5070

Cylihder, 5191 %

i

\
Decimal fractions . !

4
addition, 1210 |
~division, 1550 \

common .fraction n&tation, 1430

decimal fraction notation, 1440
.repeating decimals, 3033 ¢
subtraction, 1310

- terminating decimaie, 3030

Density, 1160, 2780
Difference of'sets, 4120
\
i

™~
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Digits, significant, 6002
~ Directed numbers, 2040 -
Disjoint sets, 4090
Distance N
8¢e Measurement, linear units
“ between two points, 5320 -
Distributivity
algebra, 8505 .
fractional numbers, 1390
integers, 2225
whole numbers, 0430, 0575
Divisibility rules, 7080
Division
basic concepts:
assoclativity
binary operation
' closure . *
commutativity
computation
common fraction notation, 1540
decimal firaction notation, 1550
exponential forim 0670
integers, 2270
multiples of ten, 1555
. powers of ten, 1555
‘rational numbers, 2640
‘real numbers, 2860
whople numbers 0610-0670
deve}opment
fractional numbers
rlumber line, 1470
plane and solid regions, 1480
successive subtraction, 1460
integers .
number line, 2243

see

whole numbers
arra¥s, 0555 \
- equivalent sets, 0540
nugber line, 0560
successive subtraction, 0550
. elementary facts, 0610 '
inverse of multiplication’
fractional numbers, 1490
integers, 2250 -
whol2 numbers, 0570

““\one, role of :
fractional numbers, 1510
integers, 2255

physical world situations, 2245

-

INDEX (continued)

‘'whole numbers, 0580
Zero
fractional numbers, 1520
vwhole numbers, 0590
Domain, 8145
Dry measures, 6100

e, 2810
Ellipse, 5195
Empty set, 4070
Equal
numbers
gge Ordering
sets, 4037 E

"Equalities, graphin

number line, 8020

coordinate plane, 8040 .
Equations

algebra, 8510, 8515 8520

mathematical sentences, 8170
Equivalent

notation

see Notation

sets, 4010
Error

greatest possible, 6005

round off, 6004

‘relative; 6006 !

Estimation, 8150 - )

Euclidean algorithm, 705}

Exponent, 0520 - ‘

Exponential form .
division, 0670 . <
multiplication, 0520 . .
notation, 3120 N

y e

~

Factorizatibn, prime, 7070

Factors ¢
and primes, 7010
exponential form, 0520
greatest common, 7050

Finite sets, 4100 ,

Fiow. charts, 8190 '

Fraction, uwiit, 1095, 1421 g

Fractional numbers, 1000-1620 '
counting, 1080 ,
definition, 1000
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;\\‘Functions, 814

INDEX (gontinued)

density, 1100
development
arrays, 1010
.basic operations, 1005
number line, 1020 ~
other ways, 1035
‘plane and solid regions, 1030
subsets, 1010
equality, definition, 1060
notation: gee .Notation
operations {
see the operation
operations, sequential, 1560
orderfing,’'1090
rela ionshiphto whole numbers, 1040

‘ o

Geometry, 5010-5800
designs, 5020
enviromment, 5010
non-Euclidean, 5800
notation, 5600
position, 5030
see also individual topice

Graphs

on a coordinate plane, 8030, 8040
on a number line, 8020
statistical, 8050

Greatest common factor, 7050

Historical &evelopment

notation, 3150, 3153, 3158
numbexr concepts, 3140
units of measure
metric, 6010 -
non-standard, 6009
History, 8200
Hyperbola, 5195

Identity element
addition,
algebra, 8502
fractional numbers, 1180
integers, 2090
whole numbers, 0170
multiplication

algebra,, WB
fractional numbers, 1400
_integers, 2220
whole numbers, 0440
Inequalities
algebra, 8510, 8515, 8520
mathematical sentences, 8170
number line 8020 ‘
coordinate plane 8040
see also Ordering
Infinite ggets, 4110 '
Integers, 2000-2320h o
absolute value, 2040 *
definition, 2000
‘developed from
number line, 2010
physical world 'situations, 2020
directed numbers, 2040 !
operations
see under the operation
" ordering, 2030 .
relationship to natural numbers, 2730
Intercept, 8042
Intersection
of geometric figures, 5420
of sets, 4095
Inverse
additive, 2100
multiplicative, 1420
operations
see Subtraction; Division
Irrational numbers \
~ construction, 2770
‘  development, 2750
rational approximation, 2760
special, 2810
see also Real numbers-

s

»

3

Latitude, 6038 “
Least common multiple, 7060
Linear units
8ee Measurement
Lines .
construction, 5210
definition, 5100
intersecting, 5105
‘measuremeént; 5260
oblique, 5105
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! parallel, 5105 .
reptresentation of, 5080 -
skew, 5105

Line segment, 5101
measurement, 5260
notation, 5600

Liquids
see Measurement

Locus; 5520+

Logic
in depth,’ 8135
reasoning, 8130

]

s

ke

‘ [ -
Mathematical sentences (equations),
8170 .
" Mathematical systems
© clock arithmetic, 8100
modular aritlmetic, 8100
‘ number systems

v’

Y
+

-

.
> y

see the system, e.g. Integers °
Ry, other, 8120 ’ ¢
%%;‘ . without numbers, 8110
' . . Mean, 8060 :

- Measurement, 60006140
approximate nature, ‘6001
‘conversion, 6130 .
cubic wunits
.English, 6034
mgtric, 6037
non-standard, 6034
dry measures, 6100 '
istorical development®
English, 6009.%
metric, 6010
'non—standard -6009
liquids RN
English 6070
metric, 6075
. \non—standard 6070
. linear uq.if% ‘
English, 6030 6060
‘ metric, 6032, 6065
non-standard 6028
meaning of, 6000
money, 6040
operations related tn‘denominate .
, numbers, 6120
other units, 6038 -

¢

A

»

"4.
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\
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. Mulgiples

o,

INDEX (oontmued)

precision 6003
quantity (dozen, gross, etc.),
6110 ,
square units
English, 6q34
metric, 6035
non—standard 6034 A
temperature, 6080 Iy
time, 6050 v
weight
“English, 6090
" metric,, 6095 _ .
non-standard, 6090
'Measures of central tendency, 8060
~« Measures of Nariability
. 8eeStatistics
Median, 8060
‘Mode, 8060
Modular arithmetic, 8100 '
Money,:6040

A ] a.

»
S

«
4

’

?
ah

définitidn,’ 7055
least common, 7060
Multiplication
basic concepts: see
associativity
binary operation
closure ?
commutativity p
) computation
. common fracéion notation, 1430
decimal fraction notation, 1440
integers, 2230
- multiples gf ten, 1941 ',3
- powets of ten, 1441 '
" rational numbers, 2630
" rgal nupbers, 2850
) whole numbers " 0460~
: developmfnt : ’
‘integers Lt
“" number' line, 2183% ~
physical world‘situations,
2185 ? -
ﬁ;actional numbers:’
: addition'of equal ﬁractions,
330 -

.

¢
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’ r ays; 1340 . :
.nu ber,line 1345

plane ‘dnd solid regions 1350 ’
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INDEX (contined) R S ,

‘ sets, 1340, " ' cardifal - -t
elemeptary facts, 0460 . : beyond ten, 0035 . T
multiplicative inverse, 1420/ & one through ten, 0@0 :
one, the identity elemen . zero, 0020
; algebra, 8503 . : : c posite

fractional numbers, 1400 . erderal, 7020 . '
. + integers, 2220 ’ v pecial, 7030 ' -
whole numbers, 0440 / . dekimal
whole numbeérs . #~~ 8ee Decimal numbers

arrays, 6360 L : directed 2040
.. Cartesian product sets 0390 / even, 7000 -

number line, ¢70 . , ‘ factorial 7130
. repeated addition, 0380 f.ractional

union of equiv lent sets, 0390 | see Fractional numbers
~ Z€ro . integers . J
. . fractional num])ers 1410 . Integers | "
whale numbers, ‘045 © . natu al S
N b ' gee Natural numbers v
. : . 4“ Co negative rationals.
Natural numbers, 2720 / 2730 >+« 8ee Negativé rationals’
definition, 2720 ‘ . non-negative ratYonals
relation to other sets’ of numbe;s, i see 'Fractional numbers

y " 2730 ’ e .~ odd, 7000

Non-Euclidean geometry, 5800 ordinal . I .
¢ Yon-negatiye, rat fohats_- s . cotwting,/0070 =
see Fractional numbers . . ' senge, 0040 e
Notati o . .+ ~Square, 7120 . ,
. commas) 305Q . > . triangular 7110 . .
common ‘fraction, 3020 whole . - 3 SR
' dec¢imal fraction . s " gee foole nu%?rs .
repeating, 3033 Number bases, otffer‘tHan ten,
- terminating, 303Q. . 3160—31713’ ¢ N
place value, 3110 . Number 1line “y 0% {
expanded N " completeness, .2,?90‘”
fractional numbers, 3015 graphs, 8020 <*° ¢ I~
. non-decimal systems, 3163 » omne-to-one cqrrespondenc A '
whale humbers, 3010 : 0050 '
~exponential, 3120 .- gee al% Operations, developme t '\
"geomet¥ic, 5600 - <t and Number systems, develSpment
+ historical systems, ! . Number- patterns, 7000, 7160 ’
» ©See Historical de%opment Numbe gy systems
,;mixed numeral, 3025 . gee Complex, numbers Fractiona
/ other names ior a number, 3040 numbers (non-negative rational
other number bases, 3160 R numbers)a Integers, Natural
per cent, 3035 » R - numbers, Rational numbers, Real
reading nimf%rals, 3050 . * numbers, Whole numbers.
scientific, 3130 Numeral
writing numerals,\ 3050 .~ .° difference between number and*

ee algo -Place value . . * numeral, 3000
* Num ryg ' . reading and writing, 3050 ~



- One, role of
see the operation
One-to-gne corresponfience

* in coynting, 0060
number line, 0050
sets,| 4010

Obliqujolines, 5105

Operat

order of, 5590

related to denomf? t

. whole numbe s' 0680, 0690

“‘ with geometric\figures
intersection, 5420

union, 5410

with sets -

* complement, 4120
difference, 4120}
intersection, 40p5

IS

|
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. see also Addition, Division,

~* Optical illusions, 5081
Ordered pairs, 8030
Ordering ,
J  fractional numbers, 1090 . ¥
integers, 2030 <
rational numbers, 2540
whole numbers, 0100
" Ordinal
counting, 0070
number sense, 0047 '

e T

!

Parabola, 5195
"Parallel lines, 5103 °°
Per cent
computation, 8008 |
development -
- equations, 8006 ~, )
formula, 8007 B t
atios, 8005 .
meaning and vocabulary, ‘8004
notation, 3035

6120 iepresentation of, 5080 R
.eee algo Graphs '
Point, 5090 . ’
representation ¢f, 5080
;- see algo Graphs,
Polygons, i
general propertigs’, 5145
other, 5170 ¥

union, 4095 '

Multiplication, Subtraction

==

e > I
56159

INDEX (co“ntinued)'

imeter, .5280
* Permutations, 8075
Pi, 2810
Place' value -7
- base ten
decimal fractions, 3110
one digit numerals, 3060 !
three or more digit numeral
two digit nvmerals, ‘3070
histogical systems,,3150
number bases other than ten, 3160 _ '
Planes, 5143

’ .

» 3080

see aZso Triangl s‘and Quadrilaterals
Powers, raising. tog 0700 2870
Powers of ten I3
as a factor, 0515
division by, 0667 |
see algo Notation
Precision, 6003 ° ~
« Prime faciorization, 7040 -
¢ _ Prime numbBer,, 7010
" Prism, 5188 . B
Probabdlity, 8¢80, 8082 -
Progression ¢ ) t
arithmetic, 7090 . -2
geometric, 7100 \ .
Properties ofif operations -
} rational n@mbers, 2545 '
other number systems: see ‘the
property ‘
Proportion, 8000
' Pyramid, ;518
Pythagor Theo/rem, 2770, 5320 .

.-\\‘::7hagore4n Triples, 7155 '

\‘ Y Quadrilaterals, 5160

-

Quantity (dozen, gross, ete¢.), 6110
4 N

Range
relations and functions, 8145

l . oo
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-INDEX (continued)

\
statistics, 8070
Rate pairs, 8002
Ratio
" and proportion, 8000
_use in per cent, 8005 .
Rational numbers, 2520-2660
. absolute value, 2535
putation s
see the opera won
d inition, 2520 '
development, 2530
nonnegative -
dee Fractional numbers
ordering, 2540
properties, 2545 .
relationship to natural numbers,
2730
Ray, 5160 .
Real numbers, 2750-2880
computation
see the operation
density, 2780
development, 2750
. properties, 2800
Reciprocal, 1420
Regions
formed by angles, 5140
formed by curves, 5070
’ dse in development of operations
see the operation
Rélations
and functions, 8140
properties of, 8160
' Relati e error, 6006

by

LY

\

:l

'
L.

!

Replacement sets, 4125 '
Roman pumerals, 3150
Roundi bers, 3100 1

Round off Jerror, 6003
"Roots, fipding, 070¢, 2870 -

Vb

Scale dr 5255
Scientifflc/notation, 3130/ ) /
Separation of sets of pointa 5510
Sequences -

arithmetic, 7090
geometric, 7100
incteasing by one,- 0075
speciall 7150 ,
Sequential operations’

-

v

.
4

see Operationms, sequential
‘Sets, 3994-4160
. Cartesian product (croaa product),
4160
complement, 4120
description, 3994
difference, 4120
disjoint, 4090
elements, 4000
empty, ‘4070
equal, 4037
equivalent, 4010
finite, 4100
infinite, 411Q
intersection, 4095
- mefibers, 4040
~equivalent
-general, 4030 s
one-to-many correspondence, 4035
one-to-oné correﬁpondence, 4010
replacement,, 4125
solution, 4125
. subsets, 4060

]

use fn development of, operations

g

see the operation
unequal, 4040 ‘
union, 4093
universal 4120 ‘
uge in development of operations
see the operation -
Venn diagrams, 4097
Significant digits, 60
Similarity Q\
scale drawing, 5255
similarity, 5250
Skip counting
see Counting '
Slope, 8042
Solution sets ™
and replacement sets, 4125
graphing, 8020, 8040
Space, .
repreaentation of, 5080
three dimensional, 5183
Spatial- relations, 5030
Sphere, 5194
Statistics
charts, 8050 .
frequency tables, 8050
graphs, 8050

-

~

Q.
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measures of central tendency, 8060
measures of variability, 8070

Subsets
gee Sets
Subtraction
basic concepts: gee
*  associativity
binary operation
closure
commutativity
computation
common fractign notation,
1290, 1300

decimal fraction notation,

1310
integers, 2170
rational numbers, 2620
real numbers, 2840
whole numbers, 0310-0331
development
fractional numbers
number line, 1240

plane or solid regions, 1250 .

subsets, 1230
integers
number line, 2053

t

|

|
s

physical world situations, 2055

' whole numbers
number line, 0260
separating action, 0250
subsets, 0250
elementaty facts, 0310
inverse of addition
fractional numbers, 1260
, integers, 2130
whole numbers, 0270
one, role of, 0300 -
zero, role of
' fractional numbers, ‘1270
integers, 2140 L
whole numbers, 0280
Surfiaces
ea, 5310
simple, closed,: 5075
Symmetry, 5245

Tables .
a%%ition, 0231
multiplication, 0522

INDEX (continued)

Temperature, 6080
Three dimensidegl figures
construction,” 5230 ‘
general properties, 5145
intuitive concepts, 5050
see also' the figure
Time, 6050
Topology, 5174
Transformations, 5248
Triangles
definition, 5150
kinds, 5150
area, 5290
Trichotomy, 0101, 1098
Trigonometry, 8220, 8230
Two dimensional‘figures
g construction, 5220
intuitive concepts, 5040
see algo the figure

Union
geometric figures, 5410
sets, 4093

use of in development of operatdons:

see the operdtion
Unit fractionm, 1099, 1421
Units of measure
8ee Measurement

Universal set, 412
R

Variation, direct and inverse,

Vectors, 5700

Venn diagrams
logic, 8135
sets, 4097

Volume, 5300

Weight
8see Measurement

Whole numbers, 0010-0720
counting

\ gee Counting N,

\ computation

‘ see the opergtion

" definition, 0100 |
developing numper sense

{ see Cardinal; Ordinal
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INDEX (continued)
|

* operations |
see the pperation
ordering, 0100
relationship to fractional numbers, 1040
relationship to natural numbers, 2730

Zero
cardinal dtmber, 0020 s
see also Addition, Division,

Multiplication, Subtraction
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